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SUMMARY

Studies on excavation and practical use of biologically active
genes from fish

The 1st detail subject

I. Title

Development studies on gonadotropin releasing hormone for practical use

II. Objective and significance

It is well known that GnRH(gonadotropin releasing hormone) induce the secretion of
gonadotropin, which has an important role for fish maturation and spawning. Several
GnRH peptides have been synthesized and applied to induce spawning in fish. It has
beeen known that few GnRHs are very effective to induce maturation and spawning in
several fishes.

However, there has been no effective method to produce short peptides by genetic
engineering technique. So far short peptides were synthesized by chemically, sold very
expensively to the customers, and hardly used in the fishery aquaculture.

To produce short peptides in large scale with genetic engineering technique, it is
necessary to clone the nucleotide sequence of short peptide repetitively, to produce the
short peptide multimers, and then to collect the short peptide monomer. However no
general method has yet been developed to produce the concatameric short peptide
multimers and to collect the short peptide monomer effectively. Therefore, in this study
we tried to develop the cloning technique for making tandem repeated DNA cassette, to
produce the concatameric short peptide multimers from the tandem repeated DNA
cassette, and then to collect the cleaved short peptide monomer from the concatameric
short peptide multimers.

Therefore in this study, we want to develop the general method of producing the short
peptide in large scale with genetic engineering technique and supply the produced



GnRH peptide to the aquaculture farmer with cheap price to prevent the seasonal

hazard in aquaculture industry and to develop new aquaculture fish species.

III. Content and scope

1. Designing, synthesizing and cloning of GnRH gene

So far genetic engineering technique is very convenient to produce a relatively long
peptide, but uneconomical for anything other than short peptides. To solve this problem,
it is necessary to clone the nucleotide sequence of short peptide repetitively, to produce
the short peptide multimers, and then to collect the short peptide monomer. However
no general methods has been developed to produce the concatameric short peptide
multimers and to collect the short peptide monomer effectively. Therefore, in this study
we tried to develop the general method for making tandem repeated DNA cassette to

produce the concatameric short peptide multimers

2. Expression and stability of GnRH

So far it has been known that GnRH gene could not be expressed by genetic
engineering techniques. To express GnRH gene, at the 1st year we cloned the repetitive
cGnRH-II(M) DNA cassette in the pPROEX-1 vector. The cloned vector produced very
small amount of cGnRH-II peptide multimers. We guessed that the translation of mRNA
might be inhibited by the hair pin structure of the upstream sequence of mRNA.
Therefore we tried to reconstruct the expression vector to get the lowest free energy of
RNA secondary structure with the designed oligonucleotide at the 5 of the open

reading frame.

3. Study on GnRH for pracical use

Before producing ¢GnRH-II peptide in large scale, we will check the inducing activity
of the chemically synthesized ¢cGnRH-II analog for gonadotropin hormone with rainbow
trout pituitary gland in vitro. If the chemically synthesized ¢GnRH-II analog has the
inducing activity, we will produce the ¢cGnRH-II peptide multimer in large scale with
genetic engineering technique, establish the purifying technique of cGnRH-II peptide
multimers with His-tag method, cleave the cGnRH-II peptide multimers with trypsin to
obtain the cGnRH-II monomer, identify the amino acid sequence of the oGnRH-II
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peptide monomer, and test the produced monomeric cGnRH-II peptide monomer for the

inducing activity of testosterone in vivo.

IV. Results

1. Designing, synthesizing and cloning of GnRH gene

We designed a basic unit of the modified peptide by attaching a cleavable linker
pebtide to both ends of the original peptide, that is, a cleavable linker peptide-original
peptide-cleavable linker peptide, deciphered the nucleotide of the modified peptide, and
also designed a synthetic DNA from the nucleotide of the modified peptide for
repetitive ligation. Then we constructed a bigger DNA cassette by ligating few basic
units of the synthetic DNA monomer, cloned the repeptitively ligated synthetic DNA
cassette into vector after ligating adaptors. As a result we developed a noble technique
to clone the nucleotide sequence of a cleavable linker peptide-original peptide

repetitively.

2. Expression and stability of GnRH
The cloned ¢cGnRH-I[(M)-3R in pRSET-B vector could not produce any expected size of
GnRH fusion protein. We guessed that the reason might be caused by the beginning of
the cGnRH-II(M)-3R DNA sequence, which would involve in the formation of hair pin
structure of mRNA and inhibit the effective translation of mRNA. To improve the rate
of expression, we designed the nucleotide sequence of Met-linker peptide-cGnRH-II
portion based on the AG value to reduce the free energy of mRNA and produced the
cGnRH-II peptide multimers successfully.

The amino acid sequence of the expressed protein was coincided with the deduced
amino acid sequence of cGnRH-II peptide multimers after amino acid sequencing. As a
result, we developed a noble technique for the effective production of the short peptide
very easily in a concatameric multimer. We optimized the expression conditions for the

protein. It seems likely that the protein was very stable in E. coli host.
3. Study on GnRH for pracical use

In this study, we synthesized chemically the expected cGnRH-II analog before
producing ¢cGnRH-II analog in a large scale by genetic engineering technique, assured
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the inducing activity of chemically sythesized - <cGNRH-II analog for gonadotropin
releasing hormone in vitro, and then produced the cGnRH-II monomeric analog very
effectively from the cGnRH-II multimers by cleaving the linker peptide with trypsin.

The cleaved cGnRH-II monomer analog has the correct amino acid sequence of
(Glu-His-Trp-Ser-His-Gly-Trp-Tyr-Pro-Gly-Gly-Lys), ¢<GnRH-II(Gly11, Lys12). Therefore, we
developed a mass production technique for short peptide successfully. The produced
c¢GnRH-II-(Gly11, Lys12), an intermediate form of the amidated cGnRH-II, has the
induéing activity of testosterone. It is considered that cGnRH-II-(Gly1l, Lys12) will be
converted to the amidated form of cGnRH-II by removing Lysl12 by carboxypeptidase E
and subsequently by peptidyl glycine alpha-amidating monooxygenase. We believed that
c¢GnRH-II-(Gly11, Lys12) induced testosterone, which is more safe materials than the
chemically synthesized ¢cGnRH analog because the cGnRH-II-(Glyll, Lys12) is a natural
intermediate of the pro-cGnRH-II, cGnRH-II-(Gly11, Lys12, Argl3).

_12_



The 2nd detail subject

Title

Cloﬁing and application of angiogenesis inhibitor genes from cartilaginous fishes

Cartilage has been known to be a source of active molecules which suppresses
formation of a new blood vessel, i.e, angiogenic inhibitors and has relatively more
resistant effect on tumor growth. In contrast to mammalian cartilage, there’s rare chance
of neoplasms in shark cartilage, so. it may be an ideal sources of angiogenic inhibitors.
It has been reported that shark cartilage contains several unknown substances which
strongly inhibit angiogenesis of solid tumors. However, any angiogenic inhibitors have
not been identified in shark cartilage until now.
| In this study, firstly it was demonstrated that the cartilage extract of Scyliorhinus
torazame has anti-angiogenic activity using in vivo CAM assay. And then, We cloned
and identified the full-length TIMP-3 from cartilage tissues and the full-length MT3-MMP
from brain tissues of Scyliorhinus torazame. We also identified partial cDNA of various
angiogenic inhibitor (angiostatin, endostatin, TIMP-1) and activator (MT-MMP) genes
from cartilage tissues. In order to investigate the anti-angiogenic activity of shark TIMP-3
and the angiogenic effect of shark MT3-MMP, we initially constructed stable shark
TIMP-3 transfected HT1080 cell and shark MT3-MMP transfected NIH3T3 cell. Increased
level of shark TIMP-3 reduced the activation of matrix metalloproteinases-2 (MMP-2) by
gelatin zymography with concentrated coditioned media from transfected HT1080 cell.
In vitro invasion and migration assays showed that overexpression of shark TIMP-3
decreased invasive activity and migration. Also, in wvitro tube formation assay,
concentrated conditioned media of shark TIMP-3-transfected HT1080 decreased the ability
of tube formation in HUVECs.

To determine whether shark TIMP-3 had an effect of anti-angiogenesis in vivo, we
used chorioallantoic membrane (CAM) assay. Concentrated conditioned media of
transfectant inhibited new blood vessels of chicken embryo. In a second in vivo assay,
human Alu PCR based CAM assay, shark TIMP-3-transfected HT1080 had inhibition

effect of invasiveness and metastasis. In addition, to produce recombinant sTIMP-3
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protein, prokaryotic sTIMP-3 expression vector was constructed. Unfortunately
recombinant sTIMP-3 fusion protein was formed as inclusion body but extracted from
pellet protein. In vivo CAM assay on recombinant sTIMP-3 fusion protein, formation of
new blood vessels were inhibited too. These results suggest that TIMP-3 of Scyliorhinus

torazame has anti-angiogenic activities and shark MT3-MMP has angiogenic activity.
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A 2 & etz FFXHGoRH) S LA}

224

¥ 30

A1d A A

S PHL o8 i U e Pabstedl w2 Aol AARh S oy
AL Batste dolt 713 TA 3iM A LY <7t gt AF2A, AdRE
Y g AL st os gFEe] AE U didel 2olx Yrh. Iy Y
Hog YA B WAL shAo] H|# F Zol7t 7 A PatA] L7t &t M
Z = # ot} :

27 FAFUAA Pgol o3 PAL Pabsy] i L2 sh= UBHEE
Az, 3 oM g garstdct. sixint o] WY wlaF Zolrt A Y
2E i, Jde’l, A¥EA IS gabshed TEFolxvt, B2 A g At
+ dlols Blag&Zoltt

olgigt BAE aNAsH] flslA UYAIHoE WNEH DME FTYE F A& 71&, B

walde] ThEAE AAE 4 kA%, TEAIYE Be ©9d BUANE 2 ¥
4% 4 & Jlgo] HEFolo} Yk AT HL VUV THEAS LTI PNY
4 gt Zle3 Be DUdY YUNE BLRoE H4Y £ Ax Yol AUHN Ral

ot

2822 St & dFddd AYE $ ov dZATNAS dAY B2 A Alold
At HEH wydg e, 3 DNA THUAZ HEH DNA thEAe] JHHEE TUE
o, dFAYWA dale TNAL AL oz PEEA AUY 4 o DM JHEE B=
= S Hystach

a

A 23 AE L Yy

1. ERENY Je

i})g,‘% LK Ze|QElo]== T4 polynucleotide kinase(PNK)E 5' @ghs
phosporylationA] Z1 ¥ pUC18 vectoro] ligationA]Z 3L, E. coli strainol 3FRAMZTAIHA
white colony2% ¥ plasnidE& $%3}9 universal primer& A}&3}o] Sanger?] W (1977)
28 EIMES ZAARsI AH e o iy F2Y5ct ¢ BRE EXAEETH AE
W& Maniatis 5(1982)¢] ®gell wsict.
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2. wejgjo}, Eefzul= W Fjolx]
th&F IMI0I(Messing, 1983), JM109, DHIOB (mcrA, mcrBC, mrr, hsdRMS, recAl, deoR)
9 Zalzn]= pUC19(Yanish-Peron et al., 1985) W pPROEX-1& AH&3tgict.

3. A W EelawZelE|=

DNA 228 $|3t RE H A= Boehringer Mannheim (USA) 2. ZHE stgdsr, AHE-ZA
2 FF=pe) AARA uwslith 2w QElo|=E 3] Bioneer Co. ol &]E]3teq
AAA AR, g4 1 M2 utE et FA 3t

AZ ojciel ¥ DNA 2|1 Ze]LElo]EE 5°-A ATT CAA GGA TCC CCC GGG GGG AAG
AGA-3° % 5'-CCC GGG GGA TTC TTG-3'& AHMR3l4i, Q2% oy {4 DNA 221w
2| QElo]EX= 5°-CTC GAG AAG CIT ACG-3' and 5°‘-T CGA CGT AAG CTT CIC GAG TCT CIT
CCC-3'E AMRSIA 3, cGnRH-II(M) 343 DNA e ZR I e|LElo]=: 5 -GAG CAC TGG TCC
CAC GGG TGG TAC CCA GGC GGG AAG AGA-3‘ % 5’ -GCC TGG TGA CCA CCC GTG GGA CCA GTG CTC
TCT CIT CCC-3' & ARE-3}git}.

Az FLE FA DNAE 27} AR F 3yt Le|aRwTe|LElo]=2el 5°-AG CTT TGA CAG
CTG TCA A-3'E A}&3}4ict.
Met-linker peptide-cGnRH-II 25 34 DNA 2g|2FZe|LElO]=9l 5°-T ATG GGC AAA CGA
GAG 'CAT TGG TCA CAC GGG TGG TAC C-3" %! 5 -CC CGG GTA CCA CCC GTG TGA CCA ATG CTC GCT
TTT CCG CAT-3'& ARR-3}9itl.

B B BYANE DEI] A3 2 B DU Aol AFIASA AR
Ae e WA YUAE BEY slN 4A AEch oHY B
Hog AREE: Wil PaEsy 4Bl sl AuEEs A
ohuliat HEEYE ofd 7 Y 4 gk AAVHUL Asigct (Table 1),

5. HZH i, wHxH e wEellElol= W 33 DNAY 71 £ o] iAW
e whilAe] AR BIAE WEY] f3lA, fele Antd 4 gl eyl
< A S e o8 st HRHE whAE wEeT, 123 YA DME wHE3
L2 ZAYAIFIZ] 3] MY AL vy 4R Ao wehg 713 A DNAL 7]
232E PELC
6. whaige] iy
plasnidE E. coli DHI0Bo]| A AR ampicillin 50 zg/ml ©] A I7}E LB brotho] O/N
St wjdsigdch. o] cultureZ LB broth® 1/2002 3]A{3}e] 37 °CoflA] ujestgt}. 0. Dsw
Zke] 0.50] =e31& w IPTG (isopropyl-1-thio- 8-D-galactoside)S L% % 2uME ¥ 7}
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sle] 6, 24A1H5QH ZbZ) iRt H, 1nle] wi o2 RE pelletE Tl o] pellet&
200 1 12] sample buffer (0.05M Tris-HCl, pH 6.8, 0.1 M DTT, 2% SDS, 1% glycerol, 0.1%
bromphenol blue)oll #EIA]Z] & 90 °CojlA 5827t 71d3%t ¥ 10412 sampled 20%2]
acrylamide®  AMZ3}o  SDS-PAGE(sodium  dodecyl  sulfate-polyacrylamide  gel

electrophoresis)ol ¥4 3l4c}.

A 344

1. A= F32EY il

Lzl g MIEEER BH] FEE 119 cGnRH-1I ¥ E}o]=(Miyamoto et al., 1984)&
2 Hetol=e] EAE AMEsignt. B2 AR oA S AlgT R tEAE iHE3
o2 gatsta, L AMRE ol TAAE FHe3hr] 98, fele 3 ARME o
A Alol& AYAFIY] ¢l8) 2ela E Ae F 2 AT bl hdA W O faA
& A7) g3 ol Esja4 9 HHIEAY Hxt HoldE& o[ &3t o7 six] At
7Vt 47 A E sl (Table 1).

olg|3t A7 whAS wtef Yefe] APitstat ke B whido] JAH AF e
Bolm ATHEE 2A gow o Hele WzH thwe] JEIZE Ul ¥ 4 g
th olgi}t dFA TAS o] &3led, el da AL o A FIaL EA
o2 A ®© 4 9l olni4t A Gly-Lys-Arg (Nikolics et al., 1988)S £ HZH
cGnRH-11 (modified cGnRH-I11: cGnRH-II(M)) ¥hiAL wtE9ict, 2 the cGnRH-1I(M) ©h
Ao 7| BF2 K QEP|=E AHY F, $elt YA GnRH-1I(M) DNAE uHEzoe 7
21717 918 = 7}ete] 5° overhang W 3° overhang®] Z§Hd Wb 7HA cGnRH-11(M)
9] 3 DNAE qtE2lrt (Fig. 1).

cGnRH-II(M) %78 DNA2] 5" W 3’ && ZA¥Y w2 a7 3] @& & ¢ty
FEelEle|=2 TEHALE TE2E 3 F Fo ¥ Jiet wEellElolE WekE thE &
29 & st wEelElolE AP Ut JEAY HES 7R ot ol¥ 4R A
A Mg 7] cGnRH-II(M) ¥4 DNA 7l2] A-A7l=d vl B3 olct

2. A= F32F DNA FHHIES] W8 S2Y

$2le It 37 overhang A3 URHE 713 cGnRH-1I(M) 373 DNAE Wi o2 Z=2
B3t7] A A nidYch VF U 2 EF oJe| 9} cGnRH-11(M) ¥4 DNAS] 7|87 2
€ A LawIe|LElo|=E s, ¥ DNAE wE7] slsl YA cHFig. 2).
8F ojvie] 344 DNAE ¥FBoll EcoRl, BamHl, Xmal/Smal H$|& 7IA3 U3, QLE HBoj
T 7] 3 &2 AR WS JHRIA glth 28 F olgE ¥4 DNAE HFo 4R
Q1% 71ete] 3° overhang A/ WehS 7EX|3 9lal, @8 Zof Xhol, HindlIl ¥ Sall
& 71X gUch oGnRH-II(M) 378 DNA:= % Boll 4R 3' & AYY L



2= & 3¢ELATt

3’ overhang Z¥A WL 7} cOnRH-II(M) ¥4 DNAS] 7| EFRE= whEE cGnRH-11(M)
o] 34 DNAE RHE7] 93] T4 DNA Q2B AR P7HEYE AZ3 221 ¢ § odEHE &
o] 2299 4 9l cGnRH-1I(M) DNA cassetteE THEolr}h ojgie}s} HA &S cGnRH-II(M)
34 DNA FIHEE pUCI9ME]Q] EcoRI/Sall H-¢lof Ad=elz, T3 o MO0l Es=
MI090] FAAH AZeon, ¥ FIUs e H¥ dF ZRnct APTLEN
(Sambrook et al., 1989)3} @7]x g2 (Sanger et al., 1977)o 3y EAF U} 22
£ 17718 E2UEHE UF ojJE]-cGnRH-11(M) ¥/ DNA-2 & & o{HEE 7I& sty
o] =alRn|=9} UFE ojWe]-37§2] cGnRH-1I(M) ¥4 DNA-R.E % e & 7Ix& 3tute
Zglzn=& £a]5l3 pUC19-cGnRH-1I(M)-3R(repeat)(Fig. 3)etz HEstgch

3. GnRH f-Az}e] Ud Heo Az

F-44% pUC19-cGnRH-11(M)-3RE2H-E] cGnRH-11(M)-3R&] DNA FIH|EE EcoRI-Sallo & 2|
3t wig e pPROEX-12] EcoRI-Sall $]xJof Atgi3r ¥ wUdHS ZAlsigich. pPROEX-1
vector: pTrc promoter& J}X|iL Q1L Ni-NTA (Ni%-nitrilo-tri-acetic acid) resinol] 2
33t 4 9l 6xHis¥+#3} space region, rTEV proteaseo] 2J3j4] 23" 4+ U&= TEV
protease cleavage site, 128]il mutiple cloning site (MCS)E Eo] glojA cloningE ©]
MCS(multiple <cloning sites)ol 3¥3}aict o] vectorol cloning® plasmid
PPROEX-1-cGnRH-11(M)-3RE DHI10B hostoll HAAF AlFA cGnRH-II ©hi A thEAlY] fusion
proteing ZA}BlH oL, ofF A2 o] W E Qrh(data not shown), L}, o] WL
fusion® cGnRH-112] THEA| whaydo] wteglol YoM H/d(toxicity)E UEMA] A4S
o4 4 ol

A4d 33

F2le o] dvolA FAIZHAA WPE AHESI B2 MElol=d ARME Tl
< S¥FoR HYsigeh A WA, o I 7Y HDE 5 s A
=g vxidsigda, F dx 42 Pelol=& W Pelol= GFol £
=9 71232 E vAIstd L, Al Hal, H2H 7jE2chy] HElol=Y R
gl REf]=EE AYsida, W ¥z, VEHOR FEYH £ UEEF HEH HEelol=9
7123z Gt Y DNAE tiAlIsia gHdstala, ot Wz, Hz2E elel=g] 7
=720 sigste U8 DNAE WHEH o2 AAste] shute] DNA FHHIES 2HETh

Fel= o] dFolA &AL HElol= U JIAE M d&FH o2 Pty 4 gle DNA Jt
HEE SEYY + e YHS AMEstdeh o] YRS A o 2 HElol=x
Y QZ PEOIEE FHAFALEA 2 Helo|=§ d4F o Aabshed]l Hay DA
FHHEE AL 4 e RE A Wyolrt
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AL BoiA 2 tiAU™ 3° &S GnRH-11(M) T3 DNAZE 37/47H] dA |dZES
Hstgi, IR F2Y B reca+¥ FFUAE stact 2t 78 AR
E fAzY] DNA FHHEE HEFH o2 Z2YR cGnRH-11(M)-3RE pPROEX-1 HElo] 22Y
&}o{ pPROEX-1-cGnRH-II(M)-3REHE HIEH ARG W2 wf¢ 32 Fo] YA
th o] & EA| ¢ olfE olutx o] FEH Hr|9 Wz uRNAY translation A2
917} 29 cGrRH-1I(M) DNA ¥HE FIMEQ} hair pintRE A3t AHA

translationg W3jgiciz Az},



Al 3 & GnRH RTXS| & U 3y AT

A1dEAMA

2] 2712 o] FAtgl FE/FHAHGnRH)E FHFHA o2 LYHAY d7& T3y, sy
tt 2Fe AYAEY A dFE £¥std oY offARE FERARE wWH] HA] A=
i &43A $rh =3 olA7EA] ARIGE FAAE HAFFHLE WA =Ex AFY
A golct.

ARIGE thidle fAFEFR o UPAF7] 23] A 1 Adxe ARME {AZXY
DNA JFIHEE wiEzyog I2Y3It cGnRH-11(M)-3R2 pPROEX-1 HEo] ZZ2Y3lo
pPROEX-1-cGnRH-1I1(M)-3RE /g3t oL} w9 H2 o] WHFATE UHo| & HA| g2
ot olntx o] ZEH HE]Y] oRNAY translation A]ZHH-2]7} hair pin?2 & F/38}A
EHQl translationg W3l ATial P2l

2822 & dFoAes d¥e] 7itiE2E offF ARME RAANHGnRH)E 71&E2] Y3 L
2 7183 22y HEE AMEste wEg {5353, Uddo] odg Al ZLAQY wHS
2]3} translationo| 7IAlE&= w3 2| LElO]=E RNA secondary structureZ} X 43%Fe] ofjy
A& ZHEF t|AIT U DNAE AREsto WS &olslA A3 AlZ £+ =S UEy

£ A7, 2 e DA 74E YUAHIRE A4VHE TaUe HuE Ay
317] 18 2%y 9 AR chiale] by & 33tz gl

Al2d Az 2 Y

1. Al 9 g ahEe] Elol=

DNA Z2HE ¢]3F ZE F AL Boehringer Mannheim A}2HE sz, BI=b x4
of mtth. gelnwIelQElolmt VI PFol oAsistel A, 5-UTS A4IsA
A3, 93¢ AN A2ntE a2 A st

2. welelel, BehznlE @ molx)

recAl #3¢Q1 E. coli JM1092} E. coli TOP1OF', &atZu]j= e pUC19(Yanish-Peron et
al., 1985)2} pRSET-B, u}o}z] M13/T7 phaged AM&3laltt. pRSET-B #HE]:= T7 RMA
polymeraseof] 234 X|A|W= T7 promoterS 7}x|3l gQlt}l. 2dBE EglZo=ue] Q=
53 §Ax= M13/T7 mpopz]o]l 234 7HAJECTE. T7 RNA polymerase: isopropyl-1-thio-
B -D-galacotoside(IPTG)ol] &J3]A &=},

3. ARG LElol=
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A IE YA DNAE $i3iAE, 2SR F Yot Lelawge| QElo|= 5°-AG CTT TGA
CAG CTG TCA A-3'E =}7}uhg AlF %] AR3}913, Met-linker peptide-cGnRH-II portion
2% Synthétic DNA 2|22 e|eEle|=F ¢3]r= 5°-T ATG GGC AAA CGA GAG CAT TGG
TCA CAC GGG TGG TAC C-3" and 5 -CC CGG GTA CCA CCC GTG TGA CCA ATG CTC GCT TTT CCG
CAT-3'E AH-&3idch

4. WANE Y 1A

cGnRHII DNA insert7} 4} ¥ pUC19-cGnRH-11(M)-3RollA] cGnRH-11(M)-3R& BamHI/HindIII
& Aa|sle] Za|gt ¥ pRSET-BHE]2] BamHI/HindIIIo] 4113}, ©] insertd] YHi-Fol:
Met- A A E}O] =-cGnRH-11 F-&&] WP L BolstA 317 fl3l @2 ke 4G IS 7=
& T]=}Q13 synthetic DNAE Ndel/Xmal #¢loff thxjA]Zclh AG 2 FFEHZE2IH
DNASIS™(Hitachi, Japan)& Ahg3le] EAstoirh. E3F cGnRH-11(M)-3RE] SIE-Eole 3z
FES 2t synthetic DNAE RHEO] HindIII $X|of 43t U He & A|=z3ict

5. whydel Wy

U E =t TOPIOF o] FAABAZAL, 50umg/m¢ ampicilling F7I3 S0B vjA|
(Tryptone, 20g: yeast extract, 5.0g: NaCl, 0.5g: KC1, 1.86mg/ £ )ol 315 ZeF ujots}
At SR S Y wjde SOB WiXE 2008 HMAlZTh HMAZ weree
0D600ol A 0.30] =& wi7zlx] wigstgds, 2elautA IPTC #HFsx IS HEIIRE F 1
A|ZH BQb wjod ¥ M13/T7 TolRlE ZEAIZch Topa|zl ™ wjdele UHL 93 5
A1t Het o] wjgsiglct, AR ME InlE WAL whET] 93] ddRe A, 19
12 200.£2] sample buffer{(0.05M Tris-HCl, pH 6.8, 0.1M DIT, 2% SDS, 1% glycerol,
0.1% bromophenol blue)ol] HElX]Zic) el 90TolA 587 71dE F 20%2)
acrylamide SDS-PAGE (Laemmli, 1970) AtolA £ = ¢l

6. AIghir= il ciFAle el

HZE= 2000 x gollAd 2027 HAEestd +¥3idnt. +¥HHE ME:s EZAIZ 20mM
Tris-HC1 buffer (pH 8.0)2 5 ¥ AT & 1/102] 20oM Tris-HCl buffer (pH 8.0)ol &
Etx| A}, fast-protein liquid chromatography (FPLC) (Pharmacia LKB)E Anion-exchange
chromatography& #3}gc}t. 20mM Tris-HCl buffer at pH 8.0 & A|Z] Mono-Q 5/5
anion-exchange columno]] ME&& AL A|FTl, 7|27 100%2] buffer A (20mM Tris-HCl at
pH 8.0)2 A|2}s}3, 100%2] buffer B (20mM Tris-HCl at pH 8.0 with 1.0M NaCl)Z FZX]
A #3sidch A" AES HEHAIA, FAAR A7, YA F olu|itM4d
= 433t

7. obulAtq @8
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polyvinylidene difluoride (PVDF) membraneoi] §h¥3& &7 wh¥)A(Matsudaria, 1987)
& A 7|22 AEo] 2]2isle] v HF2]7|(Applied Biosystems, model 476A)
2 olm At d S Bttt

8. 3 Ud =37 Hy
#HA wA2AS AEA FEoA #H3str] ¢13) wi=d, IPT6 =¥, ampicillin X
H, pHE, AZhE URZAAE 2ASle ARG R i) A S 23 shglch

9. =hd el kY &AL
AAZE APAIZ F] ARRE Thde] UAGLS ZASHY] i FielA WEE A
fr= DAY R old AL ZAlstch

A34d 7234

1. GnRH f-3=}te] U@ A7

 pUC19-cGnRH-11(M)-3R¥E] & BasHI/Hindl 112 AThste] cGnRH-11(M)-3R FHHES Ha|s}
3, o] FHHEE pRSET-B el 9] BamHl/HindI11 $]X]ojl 4tQ)5}L pRSET-B-cGnRH-TI(M)-3RZ
Rasldct o Selzul=E FARES 24 YOEET AR B golnwd
GloElol=E W DME WSl AARNUF  HindIl SXel  Asiz
PRSET-B-cGnRH-11(M)-3R-STOPo} 2@} Wwatgict. 92l E3t pRSET-B-cGnRH-11(M)-3R-STOP
2] Ndel/Xmal DNA H-E& RNA o|x}7271 AT ouz] 46 gL REF ]
Met-linker peptide-cGnRH-11 peptide HEe 34 DNAZ cf %] 3}
PRSET-B-cGnRH-11(M)-4R-STOPZ. BB S}5iTHFig, 4). mIATOE o] WHMEE 47he] W%
H CconRH-11(M) T4 DNAS 7b3l 183bpe] shibe] AAFEE 74E9ith (Fig 5). Ad9 Al
E722 fElo|E thFAe 415 AT 4 e dZAYElo|=-cOnRH-11 HElO]E M4
3} ixlael shte) o AT 4 A AAWERISs FaHE Hefolt.

92| o] ZelZu|= pRSET-B-cGnRH-11(M)-4R-STOPE t & recA 73 TOPI0F'o] §3
AT|AA, YA, U8 HYAUS SDS-PAGE JollAl £33t tHFig. 6). U@ oy
A2 oF 8.0 kDa(kilo Dalton)2 2 AAls]o} DNASIS™ HAFEE Z2gog tjxjaldt w3
S| REl|=2HE A9H A 7.3 kDaoll u}¢ siziglch

o] ¥H AL PVIF =& o]§sle] E2|gt ¥ ojnliat IS EAMsigct. 2 4
3} 390l TARZIA S 57] ohul:ATES TIXQIT cOnRH-11(M)-4R-STOP MEl2] +e]
QElIE @zt # AANHAD, F Hx) opulate FH o] =8 o] ClyMetrAlaZE
B Gly2 23592, 3 s ol Ale Mot EASIx] UokAT, B wuae] 3
s ofulcO2 MetE FHEE Net® JFUTL TR FEHY ohul:aAdEA,
A, #¥dd wEeleElel= MY Azz e, 9t o] wdo] uiEa yakg ¢
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3] cGnRH-11(M) MEjo]= 7| B2 E Er]E t]A1H cGnRH-11(M)-4R-STOP 32| LElO|=
2HE Qi Zeog HAEX| ALt

2. FFAUE 27 HY

PRSET-B-cGnRHII-4R#(STOP) 2] 2|3 WA XA L AP fFollH HYsts] ¢l vi=H(LB
30 SOB), IPTG %%(1.0 & 5.0 oM), ampicillin(50 ¥ 250 zg/ml), pHE(5.0, 7.0, 9.0),
AlzZhd(1, 3, 5) U AE RA}S}EtHdata not shown). ZA}ZHE pRSET-B-cGnRHII-4R%
ZEE 2SSl ¥ A= LB ( SOB, IPTG 5= 1.0 > 5.0 mM, ampicillin %
=50 = 250g/ml, pH 5= 5.0 < 7.0 > 9.0, YFr|zhEEE=1 (3 (58 YERY}
ARG whaale] Wy 2AS ¥y3iArct

A ¥t vi=lol A= LBRT} SOBZE & 3tm, A IPIC HE+& 1.03F 5.0 uMoj A H&e]
z}o]7} Rolx] ¢tormg 1.0 mMe] HEolAME MI3/T7 Fjolx|of] &Asl= T7 polymerased]
chifdo] W g 93 $83] FEHAUSES ¢ 4 Ut} ampicilling] @2 FEoAx U
ol ol & xlo]7l Holx| ¢jore o] wWH HE I} vlad A HAg] tjFEe
U e oA dIAEE Betgdol £ 4SS ¢ F Utk UBATEEE 54T
FEolA o] wEo] WU 2E nRNA2] A} olnlicate] HMolsl mla A s AP
HE 2 ¢ 4 glrh. AR pH SEAE o] whiAe] Hx, AAL, Holo] AA FFE
o & 5 o3, o] AT whiale] UHE sidE pH 7.00] 7HE AHAUES o
% qlglch.

3. GnRHO] ¢t &4}

PRSET-B-cGnRHII-4R¥¥= 5A1ZF gl 24A|7 M AIZ] o] ARG whfde] @ QLS =
A}slgitl(data not shown). 2 Az} 5A1ZF WA whA ) 2447 LA Thi o)
gel Ao 2] AT 2ol Hojx] ghgltl. IR thAF oA Udd AR{ERAR]
o] T2 i oM ule ¢ SHA Blch

IBE UHH ARISE oA 24217 o] WHAAS HAUPAL 52t &
A izt olFd Xjo|7t glo] o] UM AR = whilldo] tiyFol A S A U
o, i tiREe Ao A7yt FAI IxE AZHE RNAS] EAdat AzbE o
W] et el Mzt ALY glol &3 oA vy AFSHA PIHL FA"Hrke AH

2 o« # glth

§:

A4d 2 H

A =te] high level expression® $]3l 41+ multicopy replicon, strong promoter Z-4H-E]
transcription, mRNA2] F3}2 ¢l translationo] ™R3t AYPALE A|¥sh= 529
vector?] -9 o ¥ XAEE $FAE 4 U2} oRNAY] FEAHQ translation®] 7
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Q2L A¥HslE B4 tlyit R fAxE E2YSIEE, mRNA® secondary structure
7} A ddo] 2 EAJF "l 53] translation®] AJZHE¢]o]l 9l= mRNAS] secondary
structure?} TH}E mRNA2] translationg W3lldd 4 Qlr}t. of® EAFHE 7] H4EQ hair
pin stucture®] AGZte] AW ZF 4= mRNAQ] translationo] o3, Yo gutzyow
translationo] £o]3}c},

E o oj| A pRSET-B vectori= ATG codont-%-of Ndel restriction enzyme site’} Q13 S
F-Zoll MCS7} glo] mla3 A tIXIQIH synthetic DNAE Z2'°| &ol3tct. eut
"ol & A 42 olfi= olnt= AZ T|A}QUF synthetic DNAo 2J3jA A33¥ mRNAS]
translationA]ZH2-2]7} hair pint2 & HASle &3¢l translationg ®Wsfdiciz A2}
"k .

JBEg & Ao dd¥eE e WILE F7M717] S8, Fel= RNA ojA R
olLyz] 4G Zt& 7| S F Met-linker peptide-cGnRH-1I ¥-22] Z2|AKE 2| LEIIEE T]
RIS, W& 4G k& 71X @IIME S AMEdt FFF R Ed AldtRx v o)
FAE A" + dArh

ol A18H @A E2 Qe tIx}QIt conRH-11(M)-3R JIHEL] @714 a3} tleag,
7124l cOnRH-11 &2|alwEe|LElOlE Alo]e] U 454E WaE 4 gt 9F ol
8l Xmal H-9]%= pRSET-B-cGnRH-II(M)-3R-STOP ®E]e] ANdel/Xmal +-2]o] Met-linker
peptide-cGnRH-11 F-Fof 3|g3st= Y g DNAE AYshed vi¢ HelstHdct (Fig. 4 and
5). 28EE o} dZANYEIE wEE|REOIE o HTAELFLE JXE ofnjx
e Z22F DNATIHIESY] 23S 913 ciehs] HelstAl AH8-E = A& Zojtt o)y
T 53 g8 felvt tiRigt dAYELO] =(Table 1) oJ£9] o4t (Xn)2 otm| 4t
AEZ A St ATEAFSE APkl ol Wy Folch

2 dFolMe Heuiel o] 2 Helol=e thFA whiAdg FFFHoT WA
2] 8] A= mRNA®] secondary structureZ} 293 ¢ 4 9g3, A|2dt= fjHE2] vector
2 B9, At B3 Yt 7R /fAXE Z22YSIZE, nRNAY secondary
structure7} 2|2 Udof & EA7I Hrl. 222 T3 UHE ¢siA& translation
o] /A|EE FEeElo]=& RNA secondary structure’Z} | 4%Fte] oUx|& e E ]|z}
A3 38 DNAE AHE3le] WP S Bol3tA A3 Ad 5 U=EF UJIHHE A3t
Zol g F2%S & 4 Adch

2 Aol UE"E chize] N-Uth ojnjial JEL BEMF Az} ARIg T thazlg ut
FHOoR AAtst7] ¢f3l Ui E7IMEERE dYH olm kAt EI} FURE ofmjit
M o] FgElo] o] WhHoz FLE HE|=E Lo|3tA A £ AU o 5 ALt

HEH ARE YA chFAlY wixE, IPT6 H58, ampicillin $X¥, pHd, 4]
ZhE HAUERAS ZABiEen, o] AL pf 7.00] 3 WIAZRAL Mo F4
A2 FE D, 24A17 UFAZ oA E gel Aol B3] gttt 2EE cjR}
& oA UEH AFE e ciFAs g oA of$ ¢HasiAl Ralch




A 4 # GoRH RZIAIS| MZs A

A1d A A

FAFHHOZ oy PiHE cOnRH-118] FAMMZ} BAEE 7= 718 WA RAIRY H &
29 W 2R AAE A tfFALE 517 1A cGnRH-11 AR E 31313 o
2 333l o] Fsl+AlE ©]-831o GTH(gonadotropin hormone) =& 's& RAFSIaL, 1t
o} 33t o Y cOnRH-II FAHAZE GTH §= HH& 73 oW fAZHFoR
cGnRH-11 THEAE o 34taz} gich

H2xhd o] {-AFEA S Z pRSET-B-cOGnRH-11(M)-4RollA] AtghR-= thije] cpFA7} ¥t
HElA 2 w#Eodx]at FPLC A3 8] resource Q9} mono Q2] anion exchanger resing
A}8-31o] NaCl9] linear gradient® elution¥t @Az}, ARNGE chizle] Hajzl F&Fo|x]
X3t BAo] oz go] . IFER £ JdFoAe o Hejst 2 #ixo Qe
His-tagE o] &% ARM= el FAdS H3lslr] 93te] His-tagE C-terminalo]
7YX 3L 9l pET22b(+) W E]of subcloning 3}od, cGnRH-II ghA el C}FAE tzgfos A
At Zelste, Efjalo® Aoyt 5] A GnRH-11 ©h-FAAle] ofujizal HEE Hl3d}
3, gt AFAR $EF %S RS ZApstaal gt

A2 A Aw Py

1. GnRH ©hd f=xe] 3ty o 74

= A¥o] A8 ARME @A cGnRH-112] F-XA]E PepTron Co,off 2]E|3}e] free
acid FElE YA, HPLCE FAT A& AEsIgcHFig. 7). LHRH(L-4513)
des-Gly'®, [D-A1a®]-LUTEINIZING HORMONES Sigma Co. EE-E] Lels}sirc}.

2. In vitro GTH assay

3139 cGnRH-1I analog2 €] GTH-119] S =& 3E RA}s}r] siA 250 g ve]e] n]A
<" FANS H3eAE Bt 2tz M3i4A] 22 & 50 nl] Hank's balanaced
salt sol'nol Rotx HEE ofg] H MAL ¥ ztzbe] =2& RPMI 1640 ujx| 500 o]
18 TollA 1241 T A viFE ¢ F thyd oflo] HAEAHES 100 ng/mlo] EA
RPMI 1640 450 ptoll 18 TollM 3UZ wjs3t ¥ Zpze] x|dtae] BHAEAHE 100
ng/ml 2} GnRH analog& 10 nMe] S =2 EJ} ¥ 18 CollA] 24A]7F Z¢F o okt & z2)
2 eSS Zelstdct sjgdosRE =¥ GTHE Fx|/$o] GMH-1I(a+B) VAS
AHE-8lo] EIA¥(Salbert et al., 1990) 28 ZAs}orc}).
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3. AlgtRx whijzle] why o Fe

AR E A E Lo|stA £213t7] flElA, A Eelrt 2 #H3so] gl His-tag
E o] g3 AleheE thulae] AAY S ¥3)s}s] $13lo] His-tagE C-terminalo] 71x]3
ol pET22b(+)(Invitrogen Co.)o] subcloning 3}l Subcloning®  WE+=
PET22b(+)-cGnRH-11(M)-4R& E. coli BL21(DE)pLysSol FA HAFA|A LBuRx|o] uje}ste]
0.D600=0. 6044 IPTGE X ES%T IME 75t 37 o wL]E F 2000 x gol|A] 20=37t
A Balsle] HMEE £AstAct. A M= PZA]Z] 200M Tris-HC1 buffer (pH 8.0)
2 5 H AYE ¥ 1/108] 20mM Tris-HCl buffer (pH 8.0)ol HEMAA upajx|2 F
inclusion bodyE # 45}y 8M ureaoll 23JA]7# Ni-NTA column(Qiagen)oll &x|71 F
elutionA] Zc}.

4, AR s whial cpEAe] EfAl FHot
=28 ARMGE o3 clFAHE EYAISE 20mM Tris-HCI1 (pH 8.0)o|A 3hr B¢ A&
oAl Aehib-g AjZich HutH chial2 10-20% Tricine gel (Novex)E &A1 sl4lcl.

5. FPLC(fast-protein liquid chromatography)

Z54% W87 uBondapak colum(3.9x300mn)o] MES 2&AZch 7]1&7]& 100%
8] buffer A (dH:0/10%TFA)E A|Z}3}31 100%2] buffer B (CHsCN/10% TFA)E ZAsloAct <
1Y MBS S22 AYL, BEAY ¥ ohimide Basia

6. otu:=itAdEH
Aok chyzl g Balcl 72 2eted 4, Korea Basic Science Institute(KBSI)of 2] 23}
o] olm|:-4tx ¥ 27| (Applied Biosystems, model 476A)F ojn|i=itA &S FA3}3ch

7. In vivo steroid assay

A Yol A Agte= thizle] ARG E G328 RASHY] s MR E&Fog R4
g+ A& LHZOE TEEY A4S AstArh Zo] 20cm, AF 100g Lh2]e] 4t A A
o] B4Y Lol ¢ARE 2-phenoxyethanol(0.4me/ £ )oll nl2A1Z & A& Thival 50
EE 150ugS 100n18] 0.85% NaClol -&3§A|H H7to] FARE F 6 A7t F BN OZE Ae
g F27l2 RS A3 AdEE] F 42 XS E2RE EIA WY (Aida et al., 1984)
L2 AHEO|E IEEQ UL RABIYTE £ AP AMRH TEE A& Signa AF
S AH&3E AL, WA 2] A Zo| = Amershamoll A 4] 3}9icl.
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A2x} dxE0] cGnRH-1I1(M)-4R DNA cassetteZHE] AIRMSE thild ClE2AE FLI0T
WHAZ J2BE £ dxoqe A4 GnRH-1IM)] A7 48& 7IXlE 718
ZAIRE H 229d HE 24 ARGE WS cfFBARE 317] $131A cGnRH-11(M)-4R
DNA FIHEZHE BEE 4+ A&t FARE sty oz gdstdct (Fig. 7).

cGnRH-IL(M)-4R DNA FHHEojN $AZUHoE A4siN Aabstd AT F 4ug
4 9le RAMIE Qo) cGnRH-112) C-Wrbo) Gly-Lys- Arg® F2AA wHEAL ¥ A

T+ Q=& Tr]X}QI¥ cGnRH-1I(Glyll, Lysi2)2] Hejo|c}.

o] cGnRH-11(Glyll, Lysl2)®] in vitro WollA] GTH 58 %& XA}517] ¢804 LHRHE o
ZF2 AHE3IY in vtro assayS 3 31THFig. 8). o] AE ZHI 0.8% NaClE& FoI3t
controlojl A& GTH7} =¥ ®| 9ok, cGnRH-II(Glyll, Lysi2) 3 LHRHE T3 22|74
o] pituitary cellollq GTH7} frxEo] ZF2YH e FAZHFoR iy
cGnRH-11(Glyll, Lys12)7} LHRHS} m}xt7lA| 2 GTH | 2d %o A2E Eelstgrt, agrs
gatael AUHA SEAE ALY LHRH Z9E A Uold & Eajgx] gxu 2 T
A 8% cGnRH-1I1(Glyll, Lysl12)& BAIZL 7HxE A el olneabtE AMg3lmR
el A HolA o& Az HYZ ofmieat T4 L JHzcla BFER go= )
W JHs/dol Eria AzZHHcl

2. GnRH whuizle] cfgragit

22 d o] pRSET-B-cGnRH-I1(M)-4Roll A AFRMi= thijde] ciA7t HhE s A & UdE
odrt. S|t UL golstA 317] ¢lalA pRSET-B HE|7} ) 7k AW his-tag ¥-&
o] #MAst] WM ThAo] his-tag F-ELS 22| 4002 FPLC FA7}A 2] resource 02}
mono Q%] anion exchanger resin® A}-€3}o] NaCl®] linear gradient® elution3t Az}, At
e o] Fe|7t A& FolR] K3l Aol ojF o] ddct BT chyd Fi
7t 2 3= gt His-tagE: o] 83 ARME whyzle] FAWYS HYstA $istdo
His-tag& C-terminalo] 7FX| 3L Qli= pET22b(+)¢] subcloning 3ttt} (Fig. 9). Subcloning
® e pET22b(+)-cGnRH-II(M)-4RE E. coli BL2I1(DE)pLysSoll ¥ AAHAHA
cGnRH-II(M)-4R ©hA & @At WA Y HAEE +3sto, A7 F inclusion
body& ¥ 43}t 8M ureaoll 23§13 Ni-NTA columnol] H-2tx]|7l & elutionA]ZAct 7 Az}
IM imidazoloilA] cGnRH-II(M)-4R7} 2 E2]%ejt}(Fig. 10).

Bel® cGrRH-II(M)-4R AVIHE AU ThEAE FFSol FHAY F i 20m
Tris-Cl(pH 8.0)0l] 12A]12t FAAIN F, AZAF-EE A7) 98 EqAlE 20T A 34
b Agste A7 sEto]l= FEE HWAZ F thA Ni-NTA columnof elutioni]#,
His-tag®] C-terminal F-&& A|A% ¥, dojz AxtH el cGnRH-11 FAIAE FPLCE 3
3t T2 AR (Fig. 11).

% Tk cGnRH-IT RARA] THE & ofulieit MEE 4T A3} ]all gt ofnliat A
d& FY3] 71 (Glu-His-Trp-Ser-His-Gly-Trp-Tyr-Pro-Gly-Gly-Lys), cGnRH-II(Glyll,



Lys12)7} B¥3] Qarslo] cizdat ¥y

& $A3 ¥ysigct. HF &L 100m F
10mg?] cGnRH-II(Glyll, Lysl12)& ¥4 4 9ldf

tts] 3o Cﬂ"'o**g'&ﬂ 7Fsstal

t}.

3. QF Al E ey

349 cGnRH-11 (Glyll, Lysl12)2] AU Ql-F4tet 532'.%% ZA 871 918A in vivo
=, ).

assayS 383}o] testosteroned] WIE ZA}SIC] (Fig. 12). 2 A3} #styo=w g
cGnRH-11(Glyll, Lys12)¢} 3 F¥2 o2 iHH cGnRH-II (Glyll, Lysl2)= H Alo]7t
gz, §A zestR o MAMH cGnRH-II (Glyll, Lysl2): ol&F 7id] @ 50 2 15042
FA1RE F 6417t 5| testosteroned] WBlols wEo ulel F xjolzt glgict. ZAE HW
SHg3taE oT AAE  cGnRH-1I (Glyll, Lysl2):= 6A]7F ¥ £ 3| testosteroned -Fkx
we ¢ 4+ ddo.

Wetsel S(1991)& AlArotee] AIZMEoIA pro-LHRH; LHRH-(Glyll, Lysl2, Argl3)7}
LHRH-(Glyl1, Lys12), LHRH-(Glyll), % LHRHZ MBS g uhgich 22 2 i
A AaFE oGnRH-1I-(Glyll, Lys12)= A7} 7IA 2 U S3AY  3HUEA
carboxypeptidase E (EC 3. 4. 17. 10)oll &J3jA C-Uete] Lys127t AR, AH<L3HA
peptidyl glycine alpha-amidating monooxygenase (EC 1. 14. 17. 3)oll 2]3]A] amidated ¥
cGnRH-11 2 WH#E 2lel Alg"ct. 2322 Fig. 120]4 Az}E cGnRH-I11-(Glyll, Lys12)7}
Felx]o] amidated® cGnRH-11E AFE|o] testosteroned FE8ITIAL AlEHCE,

A 43 51 %

Ao 4 Qe A7 Yrlo|=E AHgste] conRi-1I WElo| =7} 4UEY dBUL FL
elel=e] &g Aatol thet A Bzl JFo) Y Aolch st AgPE Yelol= o)
FAE AU T2 HAYEUE 47 Yelo|=F AUz IR U Helol
=2 ARY 4 9l7] wBolth, St Table lof B uje} ol ofd shxl S Helol=
£ A4 AT A dsl 97 Welo =g Tixiasty] sl o4 i Avd
4 gl ofmlxatz} opuli @S Y 4 gt

el o] dold shiel B Welol =9t shite] A Helo| =8 oA W2 Wel
= TIAISHET AHSSANT, Wob $2l7t Weto|=2) 7| Biel & Tixelshzol Be
AT 4 Qe A7 Welo|=E 4IHoT AgATi, Sk ol Aze wHes
48 7t BS Wele|=9] e wY 4 Yrha BT

Hgol, Selt @ TAUY 97 Welol=k F Y= gE v YA 9 o)
S Fo% UL U o= AZELh s, Al OEA ANE BiA, WSl Bo
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W gAY Asks U 371 Zolth ol ¥ EAE &Y oinj:ate gz dZF HEL
ol uWoj wiiEE 3tEE 1A olnjAte ARSI HFAE 4 A3, 2R T
U stAS Al Zolth g&o], fele 44 tiEAlvel ofd 444 9 A4
EAx AsEANY sid€ 4 vz 47"t E, dF HElo|=9] AR RYE
A HElo|E KA Zte AFY oln|k4te] JeE 7 ulEfo] ©hde] FEF
3 J%5ol oM W #EE AIA H Zolth

Laje] AEA, o] WHL tjAllY ¥HERHE B2 HEloj=e wEElLEllE JELZ
E iy Zz Yy B Helo|og HEAHOE iy 4 vl JHEE o] WS A
A a7 9 AgE Q3 T2, H4, A chya, @Ak o ofE B2
A5 Aabst=d A $8E 4 g Zolth HdEH AL HIH oA )
of 9J3iA AATHNA L Ay F o] Hepole e I FAHIEAN +F1E + U A
o|t}. '

E dFods fAZ8Y s Patd cOnRH-118] RARHE digAdatsty] Ao stz e
2 PET 53 AR E A faAsL B4 AFE AR 5 229 JEHERE
AR E childg ciFBAEle] Efjalog A £ g dF HEl| =9} cOnRH-1I
Efol=o] qubE AMUAH HElo|= thFAE Aty B HElo|=E 2HEFHU WY
o2 Agatstolct

HehE cGnRH-1I fARA] T3] olo|iit NEE M Ay Clx}“’lf“_}. oful =it MEE
AE3 7}A (Glu-His-Trp-Ser-His-Gly-Trp-Tyr-Pro-Gly-Gly-Lys), <GnRH-I1 (Glyll,
Lys12)7} F3}s] gatslo] oizkgdat b S 435 Hysialcl

o] AAHEl cGnRH-1I-(Glyll, Lysl2)E A7} 7Fx| 9l amidated® cGnRH-11 Z7HA]¢]
8L} 2 4] carboxypeptidase Eofl 2J3llA C-wwte] Lysi27t AL, A3|A peptidyl
glycine alpha-amidating monooxygenaseoll 2]3}A amidated ¥ cGnRH-1IH el HHFE ]
testosterone?] A4S REYUCIL ALEE I 33}pF o PPH AM{E ARt BA
7t 1A e FAHE AHE3H] el tE AR FFUE Alg"rh
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Table 1. Protelytic enzymes and chemical compound containing specific

in this

cleavages, and the designed examples of their linker peptides
study.
Proteases or Cleavage
chemical g Designed linker peptides
sequence
compound
Lys, Arg,
X)n-Lys, (X)n-Arg,
Trypsin Lys |, Arg | (X)n-Lys, (X)n-Arg
Lys-(X)n, Arg-(X)n,
_(X)n-Lys-(X)n, (X)n-Arg-(X)n,
Phe, Trp, Tyr,
X)n-Phe, (X)n-Trp, (X)n-Tyr,
Pepsin and Phel, Trpl, ) (n-Trp, (On-Ty
chemotrypsin | Tyr L Phe-(X)n, Trp-(X)n, Tyr-(X)n,
P y (X)n-Phe-(X)n, (X)n-Trp-(X)n,
X)n-Tyr-(X)n,
Asp-Asp-Asp-Asp-Lys,
Asp-Asp-A -Asp-Asp-Asp-Asp-Lys,
Enterokinase SP-ASp-ASp (X)n-Asp-Asp-Asp-Asp-Lys
-Asp-Lys | Asp-Asp-Asp-Asp-Lys-(X)n,
(X)n-Asp-Asp-Asp-Asp-Lys-(X)n,
Glu-Asn-Leu-Tyr-Phe-GIn-Gly,
Glu-Asn-Leu (X)n-Glu-Asn-Leu-Tyr-Phe-GIn-Gly,
ITEV protease | -Tyr-Phe-Gin | Glu-Asn-Leu-Tyr-Phe-Gin-Gly-(X)n,
-Gly (X)n-Glu-Asn-Leu-Tyr-Phe-GIn-Gly-
Xn,
lle-Glu-Gly-Arg,
Factor Xa lle-Glu-Gly- (X)n-lle-Glu-Gly-Arg,
protease Arg | lle-Glu-Gly-Arg-(X)n,
(X)n-ile-Glu-Gly-Arg-(X)n,
Met,
CNBr Met | (X)n-Met,
Met-(X)n,

(X)n-Met-(X)n,

| indicates the cleavage site.

*(X)n represents any kinds and any number of amino acid(s) as stuffy amino acid(s).
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cGnRH-1I peptide: Glu-His-Trp-Ser-His-Gly-Trp-Tyr-Pro-Gly
(Free acids)

i attaching a cleavable

linker peptide with trypsin
Design of the basic unit of the modified cGnRH-II(cGnRH-II(M)) peptide:

Gly-Lys-Arg-Glu-His-Trp-Ser-His-Gly-Trp-Tyr-Pro-Gly-Gly-Lys-Arg

\L deciphering nucleotides

Deciphered nucleotides of the bsaic unit of the ¢cGnRH-II(M) peptide:

Gly- Lys- Arg- Glu- His- Trp- Ser- His- Gly- Trp- Tyr- Pro- Gly- Gly- Lys- Arg
GGG AAG AGA GAG CAC TGG TCC CAC GGG TGG TAC CCA GGC GGG AAG AGA
CCC TTC TCT CTC GTG ACC AGG GTG CCC ACC ATG GGT CCG CCC TTC TCT

l designing the synthetic DNAs
Bsaic unit of the cGnRH-II{M) synthetic DNAs:

I) a cohesive 3' overhang
Gly- Lys- Arg- Glu- His- Trp- Ser- His- Gly- Trp- Tyr- Pro- Gly- Gly- Lys- Arg
GAG CAC TGG TCC CAC GGG TGG TAC CCA GGC GGG AAG AGA
CCC TTC TCT CTC GTG ACC AGG GTG CCC ACC ATG GGT CCG

II) a cohesive 5' overhang
Gly- Lys- Arg- Glu- His- Trp- Ser- His- Gly- Trp- Tyr- Pro— Gly- Gly- Lys- Arg
GGG AAG AGA GAG CAC TGG TCC CAC GGG TGG TAC CCA GGC
CTC GTG ACC AGG GTG CCC ACC ATG GGT CCG CCC TTC TCT

Fig. 1. Design of the bsaic unit of the modified cGnRH-lI(cGnRH-lI(M))

peptide and the adaptor synthetic DNAs. The cGnRH-il(M) peptide was designed
by attaching a cleavable linker peptide, Gly-Lys-Arg with trypsin on both ends of the
original peptide, deciphered the nucleotides of the basic unit of the cGnRH-II(M) peptide,
and then three kinds of the basic unit of the cGnRH-lII(M) synthetic DNAs were
constructed. Lys and Arg are trypsin cleavable sites. The 5 and 3' overhang of the
cGnRH-NI(M) synthetic DNAs were designed with a full length of the basic unit of the
cGnRH-NI(M) nucleotides, but the blunt end of the cGnRH-lI(M) synthetic DNA was

designed without the right side of the nucleotides of the linker peptide.
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A cohesive 3' overhang cGnRH-II(M) synthetic DNA:

Gly- Lys- Arg- Glu- His- Trp- Ser- His- Gly- Trp~ Tyr- Pro- Gly- Gly- Lys- Arg
GAG CAC TGG TCC CAC GGG TGG TAC CCA GGC GGG AAG AGA 3
3* CCC TTC TC’Ii C]TC GTG ACC AGG GTG CCC ACC ATG GGT CCG ‘ I

complementary cGnRH-II nucleotide nucleotides of
nucleotides linker peptide
of linker peptide

Self-ligation for repetitive cloning
of ¢cGnRH-II(M) synthetic DNAs

GAG CAC TGG TOC CAC GGG TGG TAC CCA GGC GGG AAG AGA GAG CAC TGG TCC CAC GGG TGG TAC CCA GGC.GGG AAG AGA
COC TTC TCT CTC GTG ACC AGG GTG CCC ACC ATG GGT CCG CCC TTC TCT CTC GTG ACC AGG GTG CCC ACC ATG GGT CCG
- one basic unit of cGnRH-II(M} synthetic DNA one basic unit of cGnRH-II{M) synthetic DNA

l

--- GAG CAC TGG TCC CAC GGG TGG TAC CCA GGC GGG AAG AGA GAG CAC TGG TCC CAC GGG TGG TAC CCA GGC GGG AAG AGA
--- OCC TTC TCT CTC GTG ACC AGG GTG CCC ACC ATG GGT CCG CCC TTC TCT CTC GTG ACC AGG GTG CCC ACC ATG GGT CCG ---

i Mix adaptor synthetic DNAs

L and ligation
Left adaptor synthetic DNA:

EcoRI BamHI Xmal/Smal nucleotides of linker peptide
A ATT CAA GGA TCC CCC GGG GGG AAG AGA
GTT CTT AGG GGG CCC

Right adaptor synthetic DNA:
CTC GAG AAG CTT ACG

CCC TTC TCT GAG CTC TTC GAA TGC AGC T

complementary nucleotides Xhol HindII Sall
of linker peptide

Constructing a clonable cGnRH-II(M)
synthetic DNA cassette

EcoRI Sall
A ATT CAA GGA TCC CCC GGG GGG AAG AGA GAG ------- GGC GGG AAG AGA GAG ------- GGC GGG AAG AGA CTC GAG AAG CTT ACG

GTT CTT AGG GGG CCC CCC TTC TCT CTC ------- CCG COC TTC TCT CTC ------- CCG CCC TTC TCT GAG CTC TTC GAA TGC AGC T
left adaptor synthetic DNA repetitively cloned cGnRH-II(M) synthetic DNA cassette right adaptor synthetic DNA

\

Cloning the cassette into the EcoRI/Sall site of pUCI19
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Fig. 2. Strategy for repetitive cloning of cGnRH-lI(M) synthetic DNAs.
The oligonucleotides for the nucleotides of left and right adaptor, and
cGnRH-II(M) were synthesized and annealed to make synthetic DNA. A
cohesive 3’ overhang cGnRH-1I(M) synthetic DNA was self-ligated first and
then adaptor synthetic DNAs were mixed for second ligation to make a
clonable cassette. The adaptor ligated cassette was cloned into the
EcoRl/Sah site of pUC19. The underlined region represents the ligated
nucleotide between the synthetc DNAs and the dotted line represents the
abbreviated length of the cGnRH-II(M) nucleotides



220bp

174bp —» 201bp
154bp

8bp —*

47Tbp —»

Fig. 3. Result of the repetitive cloning for the basic unit of the
c¢GnRH-1I(M) synthetic DNA catridge. Plasmid DNAs were isolated from the
white colonies, digested with EcoRl/Sall restriction enzymes, and analyzed on a
3% metaphor agarose gel. Left arrows indicate the size of the cloned EcoRI/Sall
DNA cassettes and right arrows indicate the size of 1Kb ladder. Lane 1: Left
adaptor-right adaptor synthetic DNA cassette (47bp); Lane 2: |Left
adaptor-cGnRH-lI(M) DNA insert-right adaptor synthetic DNA cassette (86bp);
Lane 3 Left adaptor-cGnRH-I(M) DNA insert-cGnRH-1I(M) DNA
insert-cGnRH-II(M) DNA insert-right adaptor synthetic DNA cassettte (174bp); Lane
4: 1Kb ladder (Marker DNA)
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BamH I HindIll BamH I HindIll

[LfclclclRr
Small fragment of pUC19-cGnRH-II(M)-3R Large fragment of pRSET-B

| |

¢ Ligation

Ap”

ColE 1 pRSET-B-cGnRH-II(M)-3R@ f1 ori
BamHI HindIII
HindIll *** Pvull HindIIl
AG CTT TGA CAG CTG TCA A
A ACT GTC GAC AGT TTC GA
v Insert a stop codon(***) synthetic DNA

PRSET-B-cGnRH-II(

Col El -3R-STOP

LLlc[cC IR
l

Nde I Xma I Deletion of Nde I -Xma I fragment

Met Gly Lys Arg Glu His Trp Ser His Gly Trp Tyr
T ATG GGC AAA OGA GAG CAT TGG TCA CAC GGG TGG TAC C
TAC CCG TTT GCT CTC GTA ACC AGT GTG CCC ACC ATG GGG CC

Nde I Xma I

Insert a synthetic DNA of the designed
Met-linker peptide-cGnRH-II portion based

v on 4G value

pRSET-B-cGnRH-II(M) f1 ori

-4R-STOP
ac] ] c]c[H ¢

T7 promoter! | [TI ™ HindII
Nde I Xma I XhoI Pvull
HindII
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Fig. 4. Construction of the expression vector containing four repetitive
basic units of cGnRH-li(M) synthetic DNAs. Abbreviations: 4C,
Met-linker peptide-cGnRH-lIl portion synthetic DNA; C, cGnRH-II(M)
synthetic DNA; L, left adaptor synthetic DNA; R, right adaptor synthetic
DNA; S, stop codon synthetic DNA.
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Met- Gly- Lys | Arg | Glu- His- Trp- Ser- His- Gly- Trp- Tyr- Pro- Gly (14)
(T) ATG GGC AAA CGA GAG CAT TGG TCA CAC GGG TGG TAC CCC GGG 42

Ndel Xma/Smal
|
4C
Gly- Lys!| Arg! Glu- His- Trp- Ser- His- Gly- Trp- Tyr- Pro- Gly 27
GGG A_AG AGA GAG CAC TGG TCC CAC GGG TGG TAC CCA GGC 81
C
Gly- Lys ! Argl Glu- His- Trp- Ser- His- Gly- Trp- Tyr- Pro- Gly (40)
GGG A.é:XG AGA GAG CAC TGG TCC CAC GGG TGG TAC CCA GGC 120
C
Gly- Lys | Arg | Glu~- His- Tmp- Ser- His- Gly- Trp- Tyr- Pro- Gly (53)

GGG AAG AGA GAG CAC TGG TCC CAC GGG TGG TAC CCA GGC 159

C
Gly- Lys | Arg | Leu- Glu- Lys | Leu—*#* 62)
GGG AAG AGA CTC GAG AAG CTT TGA CAG CTG TCA AAG CTT 198
Xhol Hind[l Pvull HindIll |
R S

Fig. 5. Cloned sequence of four repetitive basic units of the
cGnRH-li(M) synthetic DNA sequence and its deduced amino acid
sequence. Abbreviations are same as in Fig. 4. ***, stop codon;
Gly-Lys-Arg, linker peptide sequence; |, trypsin cleavage; dotted bar,
overlapping region. The bp numbers and amino acid numbers are indicated
on the right margin as small plain figure and large plain figure in the
brackets, respectively.



26.6 kDa
16.9 kDa

14.4 kDa
6.5 kDa

Fig. 6. SDS-PAGE analysis of an expressed cGnRH-ll peptide
multimers with four repeats of cleavable linker peptide-cGnRH-II
peptide sequences with a final cleavable linker peptide. Molecular
mass of the standard polypeptides are indicated on the left and the
expressed 7.3kDa cGnRH-II(M)-4R protein is indicated by an arrow on the
right. Lane 1, Markér protein(polypeptide range, Bio-Rad Co.); Lane 2,
pRSET-B-cGnRH-II(M)-3R-STOP control; Lane 3, pRSET-B-cGnRH-II(M)
-4R-STOP.
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cGnRH-I(Gly11, Lys12):

pGlu-His-Trp-Ser-His-Gly-Trp-Tyr-Pro-Gly-Gly-Lys |

Fig. 7. Chemically synthesized cGnRH-ll analog designed in this
study. Stuffer amino acids are underlined. Arrow indicate the end of
cleavage.

30
20

concentration (ng/m1)

-
o

(@

Fig. 8. EIA assay of the rainbow trout pituitary gland tissue with
GTH-Il (a+B) antibody. Trout pituitary gland tissues were induced for 3
days and the supernatant was used for EIA assay. Lanes: 1, 0.8% NaCl;
2, cGnRH-lI(Gly11, Lys12); 3, LHRH.



Ndel

HindIIll

3 Digestion with restrictio
.~ enzyme Ndel and HindIll —%

Large fragment % Small fragment

T, promotg

B)

A) Construction of GnRH expression vector using
PET22b(+) vector

B) Digestion of cloned plasmid with restrictio
E  enzyme

& 1. 1kbladder (Gibco BRL)

& 2 pET22b(+)-cGnRH-II-4R (Xmdl/HindIIl)

2 3. PET22b(+)-cGnRH-II-4R (Xmed/HindIIT)

® 4. pRSET-B-cGrRHE-I(M)-4R-STOP(Ymal-
)

5. PET22K+) (Xmd-HindIITy

Fig. 9. Subcloning of cGnRH-lI(M)-4R in pET22b(+) vector.
Subcloning strategy. B: Screening of the subcloned cGnRH-II-4R

pET22b(+) vector.
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1 2 3 4 5

Fig. 10. Purification of cGnRH-Ii(M) muitimers with nikel affinity
chromatography.

Lanes: 1, total cell lysate; 2, inclusion body; 3, flow-through; 4 .washed
column (60mM imidazole); 5. eluted cGnRH multimers (1M imidazole). An
arrow indicates the cGnRH-Il multimers.

._52_



s
95

S
2 7 G
. .

— Trypsin

7.3 kKDa

1.4 kD=2

Fig. 11. Tricine gel analysis of the cleaved cGnRH-ll analog monomer.
Arrows indicate trypsin, the 7.3 kDa cGnRH-ll multimer and the cleaved
1.4kDa cGnRH-Il analog monomer, respectively on the right. Lane 1, 2ug
of concatameric cGnRH-Il multimer control; Lane 2-5, various amounts of
cGnRH-Il multimers (lane 2, 2ug; lane 3, 4ug; lane 4, 6ug; lane 5, 10ug)
were digested with 1xg of trypsin; Lane 6, 1.g of trypsin control.



Concentration (ng/ml)

Fig. 12. Concentration of the induced testosterone in the matured ayu
with cGnRH analogs after treating 6 hr. Lanes: 1, control(0.85% NaCl
1004£/fish); 2, chemically synthesized cGnRH-Il (Gly11, Lys12)(50.g of 100
#Effish); 3, genetically engineered cGnRH-Il (Gly11, Lys12)(50xg of 100x¢
ffish); 4. genetically engineered cGnRH-Il (Gly11, Lys12)(150xg of 100x¢

ffish).
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FHP AL ezt 22 A ALY ohel AR W ¥ A 2
YA AN E HotE & ol BAolth. o] BAEZIF L ol ol o) U2
7158 Aol ol27\71A] tigdt Ayt ddo] Hof glrh. 53] o] Mol ¥
BRI dEAel Hog dejA Uch wepd FRLYAEE 2 + Us AMER
Aate obd ¢zt T2 UYL UYE A AEAE 2d 5 & Aot

olo} A, AFS AP At 20T, o] 2= FHAPY oA o
g o] BPY dAZEE Uehle Ao d8A drh 5] Yol& HIET AR
I AZe Qo] tiy Exfstn, 2 dIo] THH TP oA A o] iy
£ 7oz B3 ot uletd dZe] R AAdAls R8Pl iyt AEY
obd gk, Fulelayd TAQG, WEEF T oYz AsA2 ¥EH 471 vl dAE 4
AT FEEo] BEE ABA, Ex FUAMBAY Hsol Urta st oA AREEHR
A AFol olof thyt A A d3E FHUHA U3 & AJElolrh

fr

4ol (Scyliorhinus torazame)®] AZE thto 2 3to] U AAleS ZApstaxl &
ch WA, A £FoA dFe A FEUN F, FAYY dAeS AP 1™
S FAR} £EA 2L R BE B FAAES Eel, ¥ 2 /AAEY 7]
5& ZAY F, ol RAAES U W Yol 8 oA € HI HEeS HUS
2 3 A HE stz Ak oA siA YR AojoMe] BAE BIARAVAES
2ol AMAZ LR 7}EE& B3 Y& angiogenesis therapy &, B2 ABE £

BE AEshs WY d¥eR ARE 4 & Zolth




A1d M A

@34 (angiogenesis)S 24, wie] WAz HA AR 5 LA A2 BHM 34
3 e dysixg, Folelayd BEE, g wus 2Ela 59, 423 4%
g Ho|] Szt e HAY FAL FEUE Tl T2 12 ZFo |3 SolFeg
Hyo] =EA EXH 2zoleke Aol A3t FAEY AT AAH ke
E{EEQA A9 dAFZojM EelF collagenase BAH A3} & M CDI
(cartilage-derived inhibitor)gte] |27}z 19 AxzlE, tiE P A Ux}e
3L o7 o]FoR|A] L Aefoitt. 53] dFolRA Mol ol AZ FTHU R
24do] ® 4 o3, 2 43 A F&E0] A HAEES AP AMdo] HaF
gich Al=xjo] Agolo] AF extract7t JAFLE AMEE L glount, o}z O FAFQ Az}
o] BAL2 o]Fox|x] U Aefolr). uletrd & AFoHE dZAF F 7teelet feu
g} Z3lollA AMAlsia A 78 4 A FEFOIY dF clude extractE tiFe=® 1
F2E0 ozt g3¥E oA Heg AR, FEAdC He A 2ZC2HE DM
library @4 3to] 1 libray2 36| W2 440l BEY PARY FAAE 224 sux
o,

A2 d A AR 4 By

1. Zold I vl 259 £

AHe] A8 TR At AR AR AN FYste] 2 FeEE ATy
F, Ao AHE317] AAR] -75 CToll HAsALt FE4olY AFH4 43S =ux
AZ o182 2FL F AAY v AN ALr @ griaphold FA Fech o7
Za) Hy|ukE o] extraction buffer(IM guanidium HCl, 0.02M MES, pH 6.0)0] @Ol olE%
Q¢ 2ol M 2T thE 8,000rpmoll A 3023t YR Ut F5YES Zof D.Woll A 484
5t dialysisA]Zl T THA] 8,000rpmolA 302t WAHERIFIR HEFHE Ro}
lyophilize¥t ¥| 10m1¢] D.WE FHAAZXH AodF F25& ¢43] 54U 5 -70To] 23
gt

d

2. 7teedE 9 S5 &7



7t 2o H3HLo) Agn|fee dZS U 9o TS W Jlee|dE oy
A 229 B3] -70Co| RAZc),

YU ol B3} chick embryo?] chorioallantoic membrane (CAM) assay

2 &85 (olutofo]7h)E AMEUTE. +BUE FYUSI 452 F¢¢ 18T o FolE
Tl 60% =71 |AIEE 37C wg7lo] Yol o]& 0Uu|Z stof migRich 2¢duizt =&
Agte] B HEol] 7HE o] FAIZ ¢FUE Iml Fobdrlh  3duirt HH AR F
Z1FHUL e HE 22 PIAR A5 F HAF 0|85t AF 3cn 718 ¥UF ¥
& ) o3& A uigrlelA F1 4.5¢817F = Thermanox 13mm diskol]l HF
e dAE Aolgl AAR = HoldET FEEE Wue/pl, S0ug/plE &Y F o|F 30
H 5 wch o} kg AE sl o] diskE 4.54uY] feleo] =g dojufia U4
%] embryo CAM EHo]] 3 ThA] FejHo|Z2 ¥}EE& Zeth olF wY7ldA ol&sd
Wl kAN E 10% fat emulsion (Intralipid, &41*x})S CAM 2} ¢tZE:of 913t Intralipid
2 293 caMd] ARE o AP Yol A A=AE AT

4. MR FAZRALE 918 MIT assay

7t E3gu| M| uj}

Calf pulmonary arterior endothelial (CPAE) cell& 15% fetal bovine serum (FBS)E 3
3t DMEM (Dulbecco’s modified Eagle medium) S & ufjerstct E2tite]e] mediumE 2X} &F
40] ¢ ¥ sodiun bicarbonate 3.7 g& H7stel HCIZ pH 7.28& W&Th 2 o
Millipore filter2 o|& o3t t}, A2 X Mo FBS 15%2} penicillin-streptomycin
(P-S) 1 »& F7IRIth. AP F serund HIISHA] 92 vz 4 °Collq Rusi, FBSL}
P-S& -20 CToll X@3ic)

vjo}& 7] T25 flask (25mm)el 5m1] wix]|2 37 C, E¥HEEE FA|SHE 5 % Co vjR7]
oA wt=ujersln, cello] flaskel] monolayer® uhwlslA] xjghd, 0.05 % trypsin-EDTAZE
T75 flask (75mm)oll %A 7]&tTh

L}, MIT assay

T750] cello] whubslA] x}2}e 0.05% trypsin-EDTAS A 2|8}, cell flaskold @ ¥, 3t
well® 1x10* cells/mlE]| =& 24wello]] Al=t} 48A|1Z F AlojdT F&2EE Ztz} ¢, 0.5,
1, 2.5, 5, 10, 20 (ug/pl)sx28, 2283 7leedd 258 747 C, 10, 20( ug/ p1)
FEE ALY i, 00, wigrlel ¥ AL FILTh  48AIZFF 24wello]]l MIT
(3-[4,5-Dimethyl  thizol-2-yl1]-2,5-diphenyltetrazolium bromide, Thizolyl blue)
solution& Z}Z} 100x1& Y3l thi] 3~4AT = CO, vf7]olA F1& ¥ o] MIT7}
A WA E 2F 7l 5] MSOE ZZ 500418 $31 pippettingg T $AF] = the
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96well plateo] A 540nmoi|A] absorbanceE &7 jicl.

5. Wounding migration assay

CPAE cellS 60mm culture dishef vlete] Ho|z| ¢t A =7l & wjzix] w3t F He
2 MXo] AHE o] reference lineE 31 dHE Zojdt]l. Serum free medium®E 3
H oL 10% FBS7} L3E DMEM wlix| & 31 FH7Ich 223 FAlel 1mM thymidinz}
HojdZ F2EF J1edE FEES AUISt UANER 37 C, 23 FEE FAFH=
5 % COp vit7lol A ujdgtct.  wix|E W]l PBSE Alojulil methanol 2 183 A7
1 Giemsa® 557t QMg & 28 Rojuit} Inverted microscopyE o|-&3to] 40mE T
3te] reference lined o] o|%3t MX 4& Alc)

6. Total RNA extration

TEMOIE A3} Y3 Ee, &% thS TRIZOL Reagent (GIBCOBRL Cat. No, 15596)&
tissue 100g% 1ml& HMA] homogenizer® tissue’} Holzx] & wE SE3|
homogenizationA| 21T}, RVAR-Z]E manualol] 7IZ1E %S Wsted ARGttt Aojolt
oy, ¥ilolele] gt - EAo] Wo| ExISIEE manual?] troubleshooting guideoi]
BA]¥H  Proteoglycan and polysacchalide combination methodoll w}2}l high salt
precipitation solution (0.8M sodium citrate®} 1.2M NaCl)& A}g3lom x7|¢]
homogenizated solution& 12,000g 102 ¢t «Al&e] 3l )g%o_'}lq_} 2|5t 2alst
RNAS] EUEE & A3} proteino|L} carbohydrate contaminationo] Qofkt& 7ol 8M
LiC1& TA2| ¢ F o 241715 ¢t incubation}BE A2 F {UAE2|5t] RNA pelletZ
dgjrl. mRNA isolation®}d o]|Aojl, RNAL] FHEE &H35lo] 0.Dwe/0. D] 2 oA,
0. Dso/0. Dago®] 1.65 o]Ato] == RNARE Mz oz ZA2ulFio] RAu3IFC)

7. mRNA isolation

1)oflA] E2]8t total RNAO]A] Messenger RNA Isolation Kit (Stratagene, catalog #200347)
£ A3t oRNAS E2]519dct. total RNA extract& oligo-dT celluloseE E2} A|F] t}
< high-salt buffer®} low-salt buffer& &¢x}& o2 B3} A|7]31 elusion bufferE £33}
Al7|H mRNARE H2]5]=t] 3M Na - actate (pH 4.0)%} 100% ethanol& A z|gt ¥ -70To] 1
A|HEQH £ 4T 15,000rpm 3027 WAIEE]SHH mRNA Pellet?t @& 4= Qlth.

8. %2|¥ mRNAZ H¥] cDNA library?d] AR

3)ollA] &2 mRNAS cDNA Synthesis kit, ZAP-cDNA Synthesis Kit, and ZAP-cDNA Gigapack
Ill Gold Cloning Kit (Stratagene Catalog #200400, Catalog #200401, Catalog #200450)
AH&-3te] cDNAE AR 3}t



9. @718 &4

DNA €7]4 "L sequencing version 2.0 DNA sequencing kit (U. S. Biochemical Corp. )&
A}esto] £33t WA plasmid DNA 3-5ug (8u£)& 2M NaOH (1x£), 2uM EDTA (14)E
2 7}ste] 37ColAl 3025t HhZA)A denaturationA|ZIT}, 2|3 3M sodium acetate (pH
4.5-5.5) (1£)8 A}t Z3A)7]2 ogb&E DNAE F3A|ZIc). o] DNAoY| T3 &2 T7
primer 1pM [T3 promer ( 5’ -ATTAACCCTCAC TAAAG- 3’ )¢t T7 primer (5’
~TAATACGACTCACTATAGGG- 3" )], ¥hg & Yol 37TolA 2583 W3-& A ¥ [355]
dATP (0.54£), 0.1M DTT(14£), diluted sequenase polymerase {sequenase dilution buffer
(74£) : sequenase T7 DNA polymerase (1)} (2/£), dATPs(3uM)E H7IAA A0M 5F
%Qt labeling ¥1-g-& ATl Labeling® ¥HEEES 7tZt2] ddNTP (2.54)0] EFAIHA
37-42°Coll A 55 FANEE R A7 F stop solutiond o] W& FZAAXct o]
AYEEL T5ColA 285 7Hd¥ F 6% polyacrylamide gel ol 7195 s,
ZE X-ray filnCBHE dojA 7|4 YE DNasis (Hitachi Software Engineering
Anerica. Ltd. )& o]&3to] DNA AEAE XAstgc.

A3d 243
1 "By dAgge) =Ah

HAYE JAls FHold Aoz o8I Ao FA FEAI 7ty AZoM =hid
2259 d2 v} ¥ Y oA &% Z‘./\}g 28, in vivo CAM assayE AlA]3}ict.
Table 13} o] o] AdAF FEHEoIA = 50ug/eggoll 68x2] BHPY AAEANE B
9, 7le] d4F FE2E2 50ug/eggoll A 29%8] EUFAZ JAHRAJE Brt. ofeiyt A
g B3l doldd FEEo EHFAE JAEHe] UXE F5Y + UMt E¥ in vitro
assay2A] Calf Pulmonary Arterial Endothelial (CPAE) AM|Xoj] @3 ju A %‘—’ﬂé 3
& 4 Q1= MIT assayE AAStgch Fig. 1ol Uelet uiel Zo] 7tee|dE $£&E52 CPAE
Ao FAAA Z7t gLt FodE FEEL 20ug/nl FolA of 8% x""—’l"‘ﬂ
¥4S vehidch o] AzM= in vivo CAM assay Zzte} dXx|3ch. 3 oln] Exfshe
HogRE - AEL HE AN Sside ERUIAMEL ¥ FH9
extracellular matrix (ECM)& E3l3le] o]5¥ 4 glojof qrh o|ZE& ZAIS}I] 4l3) in
vitro A 024 CPAE M|EE o]|£%! wounding migration assayS );—__Ilslﬁ}ﬁt} Fig. 83}
Zo] JojdF FEE2 CPAE M9 o5& JAIsh= Zgol ASE HUsAh ol
Ao 3l dole] AZzAo:= FB/PE AAHEEol AUSS in vivo W in vitro
assayol] &J3l #Qlstrt.
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Table 1 &0f HZ FE2 ¥ 720 o2 F&=0 o
CAM assay Zu}

rek

dose Total test

Compounds No. of positive %
(1g/egg) No.
Control (empty) 39 10 26
Retinoic acid
1 20 16 80
(positive control)
dol A= 20 25 7 28
5 50 19 13 68
7teE 4=
tes oE 50 14 4 29
s
140
120 |
3
£ 100
S
;E 80
b
Z 60+
]
>
T 40 -
Q
20 -
0




120

100 ~

80 4

60 -

40 -

Migration rate (% of control)

20

0 1 5
2402 FEEE (uo/m)

Fig. 2. AojodZ2 F=E==0f st wounding migration assay

2. cDNA library A2 9 @384 23 F3AxY E8Y

AFZo /U =FAo]e] cDNA library: X8} AZZe] mRNAE Fel¥t §F cDNA library:
Azttt A 2H3E cDNA library7]- phagemidol] At E insertion¥| ¢l&=2], insertionE ]
ttH 3 A7 7 duivt HEx] AHEE 4793 in vivo excision® £33t alkaline lysis®
#golstadrt (Fig. 3). MI-MMP-12 ngﬂ"f s-1, s-2, s-3FEEE 233, ol&d E71A
Az} MT-MMP-18] @71M @S vzl B Fig 49} Zo] REH o 4Y54& A3 grh
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<« vector

< insert cDNAs

Fig. 3. 4}0{ cDNA libraryQ] insert DNA &}Q|
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A. S-1 1 OC6GC-CG-G-A- - TGAGGGGAC-T- - GAGGAGGAGACOGAGATGATCAT S0
O 0 0 e e me
. GOCACGAGGACCIGTTCG -ACCTCIGAG -A- -

a . AGCCC-AGGCGATCAG 48
51 CATTG-AGGTOGACG-AGGAGG- -GCGG-CGGGGOGGTG - - ~-AGCGCOGE 100
L FERE L e e i e
49  CATTGGAGATGT-CATRG-ACGCTGCCAACGCATOGGTGTCCR-CACCAC 20
101  -TG--CC- -G-TOGTGCTUC - -COGTG-C-TGCT -G - - ~C-TACTOC- - 150
IR 1N
99 CTGTOCCACGCT--T-CTGCAGCOGTGTOCT-CTTGAGARCCTICTTCGA 148
151 -T---6G-T6CTAAC- - -GGTEGAC - ~CTTOCA-GT- - ~CTTCTTCTT ~ 200
P THE VI by
143  ATTTTOOGTCCTIGCCAAGGTOGGOGATCTTO- ACGTGGACTCOACCOCE 198
201 CAGAC-G--CC-A--T- -G-GGACCCC- CAGG- CG-A~C- - - - TGCTC-T 250
IR HIIRIRA i
195 CAGCCASTTCCCAGGTTAGAGGGCAGGTCAGGACGTAGCANGATGTTCAT 248
261  -=AC-T--GCCA-G-C-G-TTCCCT-G-CTGGA~CR - --AGGT-CTGA . . 100
IR I R ] [l
243 TCACATAMGC-ATGACAGCTTGACAAGTCTC-ATCATTCAGCCACGGAC. 298
B. S-2 1 COGGC-CG-G-ATG CTG-AGGA- ~TGAT- -CA 0
Wi IR
-1 . .GGCACGAGCACACAACARACAGCAAGATOGA ~ACGCACGCTCATTGCC 48
51 -TCATTGAG-G-TGGA- - -C- GRGGAGGICGG- - OGGEAACAATAAGC - - G 100
IR et
49 GTCAAN- TTCAGAS “TTATX ATCARG 98
101  CGGCT-G--C--CETOGTGCTGAC - ~CGTGC - TGCTGCTGCTCCTG - - G- 150
Wb b bt v ot
99 CGATTTGAACATCGAGGTT-T-CARAC-T-CAT- -TGG-G-T- -TGAAGA 148
151 TGCTG--GOGGTG- -G~ ~GOCTT-GC-AGTCTIC-TICT- PCAGRCGC-C 200
PERL Ly F b bt
.149  TOGTGARGCC- TACCUAAGATTZAGCCAMACATCATTATATC -GAC-CTC 198
201 ATGGGACCCCCAGGCGACTACT- CT- - ~ACT- -GCCAGCETTC- COTGCT 250
1Nl WP BBy i
199 AAGG-ACA- --RGCC- - CTTTTTCTTGGACTITGTAAA - ~TICACCT-CT 248
251 Gcnmm .............................. ERERRER 300
10l .
249 G--CT-GG..... S h i eae s eeiaadse e tat et et as 298
B. S-3 1 COGGC-CORRTGAGGGGACTGAGIAGGAGACGGAGGTGATCATCA - - - - 50
IR R R I I
-1 ..G6C AG-AGAC- -AGCT - -TCCCOCO000e a8
51  -TTGAGGTGGACTAGGAGIGCIGCAGGCOTTGAGE - 6C-00-CTOCEGT 100
i [ 11 [ INIRIRI
49 CTTY---TC--CTemmnvn G- -C====C~~TC-GOAGCAGGACTTT-GT 98
103  -GOT--OC-~T~~=GCC- « - CBTCCTG- -CTGCTGCIC -C- - ~TGGT-G 150
I N N
99 AGGIT rTTTCG-G- -GRRACA- CT- CACAACAAATGGARG 148
151 CTUe-evonsw : ~CTTCTTC-T-TC-AGACGC- 200
11 NSRRI AR
149  CTGAATTATTCAGCUGAGG -C-T-GAA-TACCCCGACCTCTCCARACACA 198
201 ~CATOGGACC-C-===CCA-GAC- - ~GACTGETC - ~TA-CTGOCAGCGTT 250
H JIN PUOARE B0 1 ke in
199 - 248
251 CCCTGCTOUACARGITCTGA . + 1 e s eeernnenneesnnneannnss 300

1111
CTC- -C-GRACARGS

249 D 298

Fig. 4. Human MT-MMP-1 cDNA (upper low)%2}
2101 MT-MMP-1 (lower low)2] A7|A{ S E 4



4, 2 &

Aol 7o AZ oA APY JAYEE A7 Al dolet 7heele] dZoAF
Hel thidg F&slgdtnl, 2 Aol uf$ YENUSH W ATE 23t Zdol|drh
1 32EE in vivo CAM assayS AAIgt Az}, 7teg] dF FEIAME I AR
AHEAE BHSIG oL, AojAT 32BN ZT RYLJA LS dHstct =T
in vitro assay WHHQl MIT assayol 28] Ao A& F&Eo] HUIAE F2& A8}
= Z}E BHSY R, wounding migration assayoll &J3] MREL] o5& Ast= 2-Eol
dLS Hasidrl &, AZojA E2gt e FRAAY JAHEEE Ad AT A
& #gelslg, a2 AU A=Y 5HE 23] cDNA libraryE F53lgch. Library 45
Al RNAS] a7t d3g=ojof 3, 1Y Fo3 wAUoE EF3t1 dZolA ] RN F&
of FAH FE wF A ¢z, AIufol whlA, it o]9fe] W} A} B2 FHo|
o] EA1st2g I Ee7t vl$ oaslont & AAE FYIIHEA ol RAOZHE
RNA &S T&3)gct. olgAl 753 Aol cDNA library2HE FA{PY 2 U=}
Ql, MI-MMPY] cDNAZEE5S H7IME vlzeol g3 ZAFstHcvh =3, I Rad
angiostatin?} endostatin 53 T2 A2 FAHYE JAUREY o] A3 &2 AF
£ RT-PCRo] oj3] AM3IHOEE dTo|RIRE FRAYZ Mo RojH ML 78 #A
2o wZo] 7He¥ ZoE AlgHT}



M 3 & AZ0F EAYYAN 7EAL 24 &

7|S=A}

A1d MM

1A E0] FEAlY] dZzA oA FET oA RE FUPY JHERE -HIFNA
3, Abo]e] cDNA library23E] H@Ado| BIH MI-MMPL] partial cDNA E3 FA 319
th weld A 2 MR MNE dZolRFd AolEHE IBAEE JAste 7AF F3H
2He 223317 ¢ls) 8B E0 BHH o7 /KA FUIHNEE B2 31 primerE
Aztstdct. ¢Fe] HFoA MR 9 JALEES mIslq LAMREY Ho|7l fojIlEFH
shed 233 JEE st ZeE d8A de FHLLAAL MP AEB} ol MMPe}
1:1 complexE O] B L.2A MPL 7|5 AsA]= 2o Ui 9on 3 AABE S
JaAgictz B TIMP Ald, 2|2 2o WY dA|5o] €3t acquired drug
resistance$} side effect7} A2l ¢tla R3aH v} 9= FJAJ A A anéiostatin:’—l-
endostating it o2 AZz ¥ 5 thE o8 ZA o £&3 RNAFE 3°, 5 RACE ¥
RT-PCRG-2] W& 433l PGl Ho3te FAXL dF U FN @7 NEE €=
Jataxt gich 9o whPo R FAHH Aol EIPE #A @A) oln] WHA oE F
o FAxY v fFoll F2RFH 53 mRNA oA X2 SolF wWPE RAIY 4
ot}

A 23 AdEAE @ Py
1. AtoloflA] Total RNA extration

FEAolE z2AdE Fe|, 228 vt} TRIZOL Reagent (GIBCO BRL Cat. No. 15596)&
tissue 100g% 1mlS ARR3Slo], AZe] ZHAL LSulzl fEo=2 x|o] AL homogenizer®
tissue7} Ho|x] ¢}& wtd ZE3] homogenizationr]ZIT},

RAZE]E manualol] 7141 wH e Wastol Agsidch. Aojol Tha, B4k olelel B
2 #2 EAo] wo] &x13l2 2 proteoglycan and polysacchalide combination methodo]
ut2} high salt precipitation solution (0.8M sodium citrate2} 1.2M NaCl)& A& om
27]2] homogenized solutiong 12,000g 102 HQF Al Ee] 3o At ant Re|slgdct 2
2|}t RNAY] &858 &A3lo proteinolL} carbohydrate contaminationo] o] W& 7ol
= 8M LiCl& TFAeY F o 24/+5Q incubation}P & A F YA E2Islo] RNA
pelletE A2lc}. mRNA isolation2}g o[, RNAY FHEE &3 3lo] 0.Dus/0.Dax0] 2



o]}, 0.Dz0/0.Dzs0°] 1.65 o]4to] == RNARF AEH L2 A SWYFilo] Husiglct
2. Primer?] A|2}
7}. TIMP primer?] ®7]AHd

1) Partial degenerate TIMPs primer
gdTIMPs: 5’-CA(C/T)CCICA(A/G)(C/G)AIGCITT(C/T)TG(C/T)AA-3"
gdTIMPAs: 5'-C(A/C)(A/T)(A/G)TCC(A/G)TCCAIA(A/G/T)(A/G)CA(C/T)TC-3

2) 5’ RACE shark TIMP-3 primer
sTIMP-R5’-1 : 5’ -GTCAGAGTTGCAAAACGCCTCCTGC-3’
sTIMP-R5°-2 : 5’'-GTAACGCATTGTACCAAAGGGTCCG-3’

3) 3’ RACE shark TIMP-3 primer
sTIMP-R3’-1: 5'-GCGAAGAATGAATGCTTCTGGACGG-3'
sTIMP-R3’-2: 5'-CAGATTGACCCTGTCACAACGCAAG-3’

4) Full-length Shark TIMP-3 primer
sTIMP-3NT: 5’-GGCTCGAGATGGTATTTTCTACCACAGC-3’
sTIMP-3CT: 5'-CCGAATTCTTGCTGTGTCACACGAGATG-3’

5) Human TIMP-1 primer §71A ¥
hTIMP-1 S1 : 5’- ATG GCC CCC TTT GCA CCC- 3’
hTIMP-1 S2 : 5’- GTC ATC AGG GCC AAG TTC- 3
hTIMP-1 Asl : 5'- ATC TGG GAC CGC AGG GAC- 3’
hTIMP-1 As2 : 5’- GTC CGT CCA CAA GCA ATG- 3’

L}, MI3-MMP primer®] @7]A 4
1) Partial degenerate MMPs primer
M1: 5'-CCI(A/C)GI TG(C/T) GGI(A/G)(A/T)I CCI GA -3’

M2: 5'- TG ICC IA(A/T/G)(C/T)TC(A/G)TGI(A/G)C GC IAC -3’

2) Long-distance RT-PCR shark MT3-MMP primer
GSP2: 5’- CGT GCC TTT GAT GTG TGG CAG AAT G -3’,



GSP3: 5’- TCA CAC CCA CTC TTG CAT AGA GCG -3’

3) 5’ RACE shark MT3-MMP primer
GSP1 : 5’- CGC ATT AAC TGG GCA GAA GTIG G -3’
AUAP : 5’- GGC CAC GCG TCG ACT AGT AC -3’

t}. Angiostatinz} endostatin primer A2}

o] FHABGA o] st A et FREo]l AL Qi ¢ FAUZFA
A9l angiostatin} endostating FEAOolA Z2YS7] 918 228 primerE A R34
tl o] AN AAAAEL APkl plasminogenZt alpha 1 (XVIII) collagenof -
B duEo] U ZJAEES vehlsd, £ AYol AHEH priver?] H7/IMEZ ol&
A7 ANGE AEse] Thedt Lol ATt

1) Angiostatin primer §7]A &
5’ primer : 5’-GGG GAA TTC GIG TAT CTG TCA GAA-3’
3’ primer : 5’-GGG GTC GAC CTA TGT TGT GCA GCG GGG-3'
15° primer ! 5’ -GGT GCT AYA CTA CWG ATC-3’
13’ primer : 5'-GTC CAG ACA TGG TCT TGG-3’
xYe C ELT
F=AZE2T

2) Endostatin primer €7]AlQd
5" primer : 5°'-GGG GAA TTC AAG GAC GAG GTG CTA-3’
3’ primer : 5°-GGG GTC GAC CTA TTT GGA GAA AGA GGT C-3’
I5' primer : 5’'-GAC GGC ARR GAY GTC CTG-3'
I3’ primer : 5'-CAA TGC ASA GSA CGA TGT-3’
*REAZLG
Y= CZF2T
S G &2 C

3. RT-PCR (Reverse Transcription- Polymerase Chain Reaction)
22" 2~342] total RNAZXRE oligo dT %+ antisense PCR primer®} reverse

transcriptaseE AMZ-3lo] cDNAE YAdslaict. Y4H cDNAE templateR L o3 FF9
primer§ AME3lo] RT-PCRE 43t} olw] primer HEE 50-100 pmol & AL},
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amplificationZ otejel T2 R %2 st

7}. TIMP-3 PCR &

1) Partial RT-PCR primer : denaturation - 94 C, 30 sec : annealing - 55 C, 1 min
; extension - 72 C, 1 min (40 cycles)

2) 5 RACE primer : denaturation - 94 C, 1 min ; annealing - 55 C, 1 min ;
extension - 72 C, 1 min (30 cycles)

3) 3’ RACE primer : denaturation - 94 C, 3 min : annealing & extension - 72 C, 3
min (30 cycles)

1}, MT3-MMP PCR 22

1) Partial RT-PCR primer: denaturation - 94, 1 min : annealing - 60°C, 30 sec :
extension - 72T, 1 min (35 cycles) '

2) LD-PCR primer : denaturation - 94C, 1 min : annealing - 60, 1 min : extention
- 72<C, 3 min (30 cycles) _

3) 5° RACE primer : denatura‘tion - 94C, 1 min : annealing - 55C, 1 min
extention - 72C, 1 min (30 cycles)

t}. angiostatin : deﬁatur‘ation - 94°C, 30 sec : annealing - 65C, 30 sec ; extention
- 72C, 30 sec (40 cycles)

2}. endostatin : denaturation - 94C, 30 sec ; annealing - 55C, 30 sec : extention
- 72C, 30 sec (40 cycles)

"}, TIMP-1 : denaturation - 94C, 30 sec : annealing - 55C, 1 min ; extention - 72
T, 1 min (40 cycles)
RT-PCR W}F-22] ZA:= 1.8% agarose gel electrophoresis® ¥<Qlglic}

4. 5° RACE (Rapid Amplification of cDNA ends)

T4 TIMP-3 % MI3-MMPe] 5° gt H29]E cloningdl”] ¢3le] 5’ RACE System for
Rapid Amplification of ¢cDNA Ends, Version 2.0 (GIBCO BRL)& A}-&3}gic}.

7}. First strand cDNA Synthesis
122] TEAro] total RNA, 10uM®] GSP12} DEPC-D.WE 15.54% Z33t t}& 70T, 10837
HEx]SEaL iceollA 187 AJHFr}. 2.5442] 10XPCR buffer, 2.54£2] 25mM MgCls, 14£2)



10mM dNTP mix, 2.54£2] 0.1M DTT, 14£2] SuperScript 11 RT (reverse transcriptase)&
RNA sampleol] ¥ 7}gt ch& 42T, 50832 WHgA1713, 70T, 15w YAYSZN IS &
) 3 ohg 14£9] RNase H mix& H7} ¥ 37C, 3087 -&A1A RNAE A AL T
3] JAEe F -20Co] Hagict

1}. GlassMax DNA Isolation Spin Cartridge Purification of cDNA
first strand cDNA ¥hg-elo] 1204£8] binding solution (6M Nal)& ¥7}3}3 cDNA/Nal
solution& GlassMax Spin Cartridgeol]l &7 15,000rpmoilA] 2027 {4l&e]gict. 0.4ml 2]
wash buffer& spin cartridgeol] E 7}l 15, 000rpmofj ] 2027 YA ABS 4
H 9MESL, 400482] 70% ethanol& spin cartridgeo]] A 7}8}ed 15, 000rpmoilA] 2027
dEelste 23e 28 etk O the spin cartridgeel 50u9] FRTE HIISHA
15,000rpmoll A 2027t YAlEe|slo] cDNAE &&31%ich

t}. TdT (terminal deoxynucleotidyl transferase) Tailing of cDNA
Tel®  cDNA9] 3° Wtde] o2zl  dCTPE H7ISH7] fIsle] TdTE ol-&¥rh 6.54£9]
DEPC-D.W, 5.0u82] 5X tailing buffer, 2.5u4£2] 2mM dCTP, 10.04£2] GlassMax purified
cDNA sample ¥F-g-o0& 94C, 3E87ZE BIgA|F & jceof 187 WX|sl2, 148 TdTE H7}s)
o 37T, 10&37 ¥hgakch. 21 thg 65T, 1087 Yx|stod TdTe| ¥A4S ¢dct

2}. Cloning of the 5’ region of the TIMP-3 and MT3-MMP
TIMP-38] A%, FEA ol AT X2 cDNA, MI3-MMPE] 79 x| X2 cDNA9} PCR ®E-g-of [10X
PCR &322 1uM GSP1, luM AUAP (Abridged Universal Amplification Primer), 200mM
each dNTP, 1.25 units Taq DNA polymerasel& ZE33}3, 94TCoA 1E, 55TollA 1&, 7
2T, 1324 &4 Z 30cycled] PCR ¥H-§-& 4334Tl 5° RACER 5-EH DNA ©HEL A7)
5 F gelZHE £2|3t t}S T easy-vectord] cloningdtgtt.

5. 3’ RACE (Rapid Amplification of cDNA ends)
FEAte] TIMP-3 3° wigt BeolE cloningdl”] ¢8te] 3’ RACE System for Rapid
Amplification of cDNA Ends, Version 2.0 (GIBCO BRL)S A}&3}aitt.

7}. First strand cDNA Synthesis

11g8] F54o] total RNA, 10uM®] oligo-dT&} DEPC-D. WS 3t th& 70T, 1087 whx|
Bl iceollA 2&3t AFFErh 24£2] 10XPCR buffer, 14£¢] 10uM dNTP mix, 24£9] 0. 1M
DTT, 14£2] SuperScript II RT (reverse transcriptase)& At7| sampleo] H71g Tl 4
2T, 1A F& WHEAFI3, 70T, 1587 BXPoeHN ¥EE Tl 1 thg 149
RNase H mixE ¥ 7}3F ¥ 37T, 3087 2HgAA RNAS A A St a3 YAalEe] & -20C
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of Ry3ich

L}. Cloning of the shark TIMP-3 3’ region

FEAOY] @zzA cDNA®F PCR W) [10X PCR 3-8, 1uM GSP1, luM AUAP
(Abridged Universal Amplification Primer), 200uM each dNTP, 1.25 units Taq DNA
polymerase] & E§3513, 94TolA 1&, 72ColM 38 &AM E 30cycle?] PR ¥H-3-& 43
dlgitt. 3’ RACEZ ZEH DNA ¢8I EL AV|E9S F gelEHE £33 t]lS T easy-vector
o] cloningsdt&itt. '

6. Long distance RT-PCR for 3’ region of the MT3-MMP

TEAol MI3-MMPe] 3'Re|E 224317l #1819 RT-PCR (reverse transcriptase
-polymerase chain reaction) ¥H& AMR3}4ct.

7}. First strand cDNA synthesis
5ug2] FEAtol total RNA, 14£9] oligo (dT)iz-1s 9} DEPC-D.WE 1242 ¥R the 70T,
1027 WAIBIAL iceo | 283 A ECt 44£2] 10X first strand buffer, 14£2] 10mM
dNTP mix, 24£2] 0.1M DTT, 1£2] SuperScript 11 RT(reverse transcriptase)Z RNA sample
o] A7 thE 42C, 5027 HbEA| 7L iceo] Wx|3tct. 1@ t}& 142 RNase HE &7}
g F 37T, 1087 4H-gAIA RAE AASIL Zeds] & ¥ PR ¥H-§& 4333tsdct.

L}. Cloning of the 5’ region of the MT3-MMP
EExbo] ¥] cDNAS} PCR ¥HS-o¥ [10X PCR $+2-8o), 2 5aM MgClz, 1uM GSP2, 1uM GSP3, 200
UM each dNTP, 2.5 units Taq DNA polymerase] & Z¥35}3, 94TolA 1E, 60ToA 1&,
72C, 3549 4 E 30 cycle?] long-distance PCR (LD-PCR) ®WF&& 4333}eit}. RT-PCRE
FEZ5E DNA @2 A G5 T gel2HE E2|3 C}2 T-easy vectorol cloningdfsdt}.

7. €714 €Y &4
DNA @7l 4 €2 Taq DyeDeoxy Terminator Cycle sequencing kit (Perkin Elmer ABI)E& o]-&
¥} dideoxynucleotide chain termination method® Automatic DNA sequencingS 3838}9l

Cl. DNA g7l 8¢ #42 BLAST database program (NCBI)®} DNasis program (Hitachi
Software Engineering Anerica. Ltd. )& o]-&3}o DNA A& ZAFSIAT]
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A 34 Ag 234

1. SEAo| full-length TIMP-3 F8x}e] 224 % drlqd 24

HA FRYY AsUAAE g3 TIMPs {32t 53E& $18l, TIMPs degenerate primere}
Aol AF cDNAE o|&3}o] RT-PCRS 331t 1 A=} 417 bpe] PCR productE cloning

slgdon, S3H cloned] E7IAEE £33 A3t A TIMP-3 FAAL} o 74%8] A5
4& Uehle Ao TIMP-3 homologue-& #elstgtl. RT-PCRoA Lojd @714 EE 7|2
2 Ao} TIMP-3 FAAI] AHA H7|MEE -RABHY] $18H, 5 RACES} 3° RACEE 433}
sequencing®t Zz} 891bpe] F7|HMEE wsUdct (Fig.5). T8H FE4e] TIMP-3 cDNA
£ % 645 bp oY, A, £, F, & U Xenopus®] TIMP-3 B7IAE= vl 2ARE A
Ztz} oF 71%8] A5AdES UEldS Haslao) EZ DNA MEERE {3538 olnjial M
o &5t FEAto] TIMP-3= 214719] oful:Ato 8 FAFo] glom, N ugte] 26712
71o] 3jd3le signal peptidedt TIE FE52 TIMPs FARjollA UEl= 12708 cycteine
Zt7], TIMP-3 §3zte] FF3HA S3A <2t AYstelel $55 & 18407 asparagine It
717} EEE ¢ 4 Ut (Fig. 6)

2. £EAo] full-length MI3-WP §3xte] 229 2 A7INg £4

FEAold EX3ts EAEE A ZAE #13l, MMPs degenerate primer2} Jo ¥
cDNAE o| &3} RT-PCRE ¥sigct. 2 Az F5Ao]8] MI3-MMP homologueE 53 514
o, AN EIIAEE W h7] 913l 5° RACESR} 3' §-919] LD-PCRE AA|3I3ct o=+
B go3 @UINEE 722 dFURte] dr|N g sigsls WP-NT, MP-CT primer& o]
£-3te] RT-PCRE 4=-83tgdtt. 2 ZAz} ¢k 1850bpe] PCR productE ¢glom, o]E gel3H
E] 22|38l pGEM T easy-vectorol] cloningd}il sequencingd}<lCl. Sequencing A3 FH54
o] MT3-MMP cDNA= & 1846bp ©]2lal, Uzke] MI3-MMP E7INE TR0l E7IME S
W2 Azb 2zt oF 70%e] A5 Uehd g BstATh (Fig. 7). BT DA HEE
HE 53 oimicat Mdol] 3l FEAS] MI3-MPE 614712 olmjieato g FAJE|of
Qlom, N ©xte] 28708 Z7)of] 3|Ydl= signal peptide®} X}8]|= propetide domain,
catalytic domain, hinge domain, hemopexin-like domaine] &3} C wrclo)
hydrophobic membrane-spaning domianZ} cytoplasmic domaineo] Z21¥S ¢ 4 ggir}
(Fig. 8) 53] catalytic domaing Q1ZF MT3-MMP2}e] AHSAdo] 90%ol] 3itslaE o] Relr}
Fol REH ASS & 4 Ut
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1 ACAGAACTGACATCTCTAAAATATTCCCACAAACAACARAATAGTATCAATAGTTTTCCT 60
61 TATTCCTGTTTGGTTCCTCAAACTCTTCATTTATCAAAGCATCTCATTCTCAGTGAAAAG 120
121 AGCTTTTCTGAGAGAATGGTATTTTCTACCACAGCAGCTCTGAGCCTGCTGCTGGCTTTG 180
M VFSTTAALSLLLAL
181 AGCAGTATGCAGCTGAGCGAGGTATCGGAGGCCTGTACTTGTATGCCAAACCATCCGCAG 240
S SMQLSEVSEACTCMPNHEPDQ
241 GAGGCGTTTTGCAACTCTGACATAGTTATCAGGGCAAAGGTGGTTGGGAAGAAGCTACTG 300
EAFCNSODTIVIRAKYVGKEKTLL
301 AAGGACGGACCCTTTGGTACAATGCGTTACACCATCAAACAAATGAAGATGTACCGTGGT 360
KDGPFGTMRYTIKOQMEKMYRSE
361 TTCAGCAAAATGCAGCAGGTTCAGTATATCTATACAGAAGCTGCGGAGAGCCTGTGTGGT 420
FSKMQQVQYTIVYTEAAESLCE
421 GTCCGGCTACAGGTGAACARATTCCAGTATCTGATCACAGGAAGAGTTTTTGATGGAGAA 480
VRLQVNKFQYLITGRVFDGE
481 GTCTACACTGGAGTGTGTAACTTCATTGTGCCTTGGGACAGATTGACCCTGTCACAACGC 540
VYTGVCNFIVPHWDRLTLSA QR
541 AAGGGTCTTAACCATCGTTACCAGTACGGCTGTAACTGCAAGATTAAACCCTGTTATTAC 600
KGLNHRYQYGCNCKTIKPCYY
601 CTGCCATGTTTCGTGACAGCGAAGAATGAATGCTTCTGGACGGATATGTTGTCTGACCAG 660
LPCFVTAKNECEFUWTDMLSDAQ
661 GGATACATGGGGCACCAGGCTAAGCACTATGTTTGTATCCGACAGAAAGAGGGTTATTGC 720
GYMGHQAKHYVCIRQKEGY YHTC
721 AGTTGGTATAGAGGTGCAGCGCCCCCAGACAAGACCAGGATCAATGCCACAGACCCCTGA 780
S WYRGAAPPDEKTRINATDP * ‘
781 ATGGGATCTTTCTCTGTAAAATATGCTGGCCAGCAAGGGCAGCCATCTCGTGTGACACAG 840
841 CAATGATTAAATGCCTGACTCCCAGTATTAGCACATCAAAAAAAAAAAAAA 891

Fig. 5. Full-length sequence of Scyliorhinus torazame TIMP-3 (NCBI
Gene Bank accession nimber : AF110767). The deduced amino acid
sequences in standard one-letter code are shown below the nucleotide
sequence. *, the transiation terminatiorcodon (TGA). Number refer to
nucleic acid positions. Shark full-length TIMP-8DNA contains 645bp
open reading frame.
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< SP —>

Homology with shark 10 20 30 10 50
Human (72%) -23 MI-PWLG-LI VLLGSWSL-- GDWG--AEAC JCSPSHPQDA FCNSDIVIRA
Bovine (73%) -23 MT-PWLG-LV VLLGSWSL-- GDWG--AEAC JCSPSHPQDA FCNSDIVIRA
Mouse (72%) -23 MT-PWLG-LV VLLSCWSL-- GHWG--AEAC TCSPSHPQDA FCNSDIVIRA
Chicken (74%) -24 MT-AWLGFLA VFLCSWSL-- --RDLVAEAC JCVPIHPQDA FCNSDIVIRA
Xenopus (72%) -26 MS-V-CA-LT LILGCFLLFL GDISKPAEGC TCAPSHPQDA FCNSDIVIRA

Shark -26 MVFSTTAALS LLLALSSMQL SE---VSEAC TCMPNHPQEA FCNSDIVIRA
60 70 80 90 100
Human KVVGKKLVKE GPFGTLVYTI KQMKMYRGFT KMPHVQYIHT EASESLCGLK
Bovine KVVGKKLLKE GPFGTMVYTI KOMKMYRGFT KMPHVQYIHT EASESLCGLK
Mouse KVVGKKLVKE GPFGTLVYTI KQMKMYRGFS KMPHVQYIHT EASESLCGLK
Chicken KVVGKKLMKD GPFGTMRYTV KQMKMYRGFQ IMPHVQYIYT EASESLCGVK
Xenopus KVVGKKLMKD GPFGTMRYTV KQMKMYRGEN KMPQVQYIYT EASESLCGVK
Shark KVVGKKLLKD GPFGTMRYTI KQMKMYRGFS KMQQVOYIYT EAAESLCGVR
110 120 130 140 150
Human LEVNKYQYLL TGRVYDGKMY TGLCNFVERW DQLTLSQRKG LNYRYHLGCN
Bovine LEVNKYQYLL TGRVYDGKMY TGLCNFVERW DQLTLSQRKG LNYRYHLGCN
Mouse LEVNKYQYLL TGRVYEGKMY TGLCNFVERW DHLTLSQRKG LNYRYHLGCN
Chicken LEVNKYQYLI TGRVYEGKVY TGLCNWYEKW DRLTLSQRKG LNHRYHLGCG
Xenopus LEVNKYQYLI® TGRVYEGKVY TGLCNLIERW EKLTFAQRKG LNHRYPLGCT
Shark LQVNKFQYLI TGRVFDGEVY TGVCNFIVPW DRLTLSQRKG LNHRYQYGCN
160 170 180 190 200
Human CKIKSCYYLP CEFVTSKNECL WTDMLSNEGY PGYQSKHYAC IRQKGGY CSW
Bovine CKIKSCYYLP CFVTSKNECL WTDMFSNFGY PGYQSKHYAC IRQKGGY CSW
Mouse CKIKSCYYLP CFVTSKNECL WTDMLSNFGY PGYQSKHYAC IRQKGGYCSW
Chicken CKIRPCYYLP CFATSKNECI WTDMLSNFGH SGHOAKHYAC IQRVEGYCSW
Xenopus CKIKPCYYLP CFITSKNECL WTDMLSNFGY PGYQSKNYAC IKQKEGYCSW
Shark CKIKPCYYLP CFVTAKNECF WTDMLSDQGY MGHQAKHYVC IRQKEGYCSW
210 220
Human YRGWAPPDKS II TDP*.. 188
Bovine YRGWAPPDKS 1I TDP*.. 188
Mouse YRGWAPPDKS IS TDP*.. 188
Chicken YRGWAPPDKT IT [NATDP*.. 188
Xenopus YRGWAPPDKT TI E%iTDP*.. 188
Shark YRGAAPPDKT RI TDP*.. 188

Fig. 6. Comparison of deduced amino acid sequences of human
bovine, mouse, chicken, Xenopus and Shark TIMP-3. SP is signal
peptide cleavage site. This putative signal peptide were predicted using on-
line server, http://genome. cds.dtu.dk/htbin/nph-webface. Twelve conserved
cysteins are shown. Square is a conserved Asn residue and potential site
for N-linked sugar.
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S:1
H:1l

51

51
101
101
151
151
201
201
251
251
301
301
351
351
401
401
451
451
501
501
551
551
601
601
651
651
701
701
751
751
801
801
851

851
901
901
951
951

A}'GGC}I\I\AfGGG’IITC}\.CACI\GCCTTTI|A[?([IC}|\(|:}\'II'TGTl RARGER '
1 L |
ATG--AT-C~=--TT-ACTCA-CATTCAGC-AC-TGG-A-A--G-A---CG
ACTTGCATTT-GT--AT-ATTCCGGTGCGTTTTAT~TTGCARACCTT
VLTV B e ] LH] lllllllllllll
G-TTGGATTTCGTGCATCATTCGGGGGTGTTTT-TCTTGCARACCTTGCT
TTGGATTATT~TGTTC~-C-GTTTGTGGCGA-GGAGCAGCCCTTCAGCGT
IlIIIIl VECTEE Y B b L Pl
TTGGATT-TTATGTGC TACAGTCTGCGGA-ACGGAGCAGTATTTCAATGT

GGAGATATGGTTACAGAAGTACGGCTATCTTCAAGCTAGTGAACCCAGAA
SR IIIIII|| PV L LTI IIIIIII
GGAGGTTTGGTTACAAARGT.

IIIIIIIIIII
GGCTACCTTCCACCGACTGALH

GTCAGTATTGCGCTCTTCACAGTCCATGCATTCAGCTGTAGCTGCTATG
IIIIIII |||l|||| 1) ITELELE 1T
'GCAGAGACC.

LLLEEE 11
TGTCAGTGCTGCGC ATGCAGTCTGCCCTAGCTGCCATG
TATGGAATTAA-AGTTACGGGGACT

CAGCARTTT! AGT
PELLE TE R IIIII ! | o1
CAGCAGTTCTATGGCATTAACA~TGACAGGAAAAG

ATAGACTGGATGAAGAAGCCCCGCTGTGETGTGCCCGACCAGTTTGGCAG
11 IIIIIIIIIIIIIIIIIIII ELULEL LD it I
ATT 'GGATGAAGAAGCCCCGATGCGGTGTACCTGACCAGACAAG-AG
C-AGCATT-AGATTT-AGTGTTAGAAG?AA?CGTTACGCATTAAC GGGC
L L O O A A A R N R NIy
GTAGC-TCCAAATTTCA-TATTCGTCGARAGCGATATGCAT TGACAGGAC

AGAAGTGGCATCATAAACATATCACCTACAGCATTAAGAACTTCACTCCT
PELE L il LELEL T BEEe 1
AGAAATGGCAGCACAAGCACATCA(

TTGGAT-GAAAACACA
LEEE e 11
TGGACAGAAA-CACA

[IIII
CTTACAGTATAAAGAACGTAACTCCA

AAAGTAGGAAAAT-TAGAAACTC --ACAGAGCGATACGCCGTGCCTTTGA
IIIIIIIII ool o b LB VL

GACCCT-GAGACTCGTA-A-AGCTATTCGCCGTGCCTTIGA
TGTGTGGCAGAATGTAACACCCCTGACAT TTGRAGAAATACCATAC-GTIG

IIIIIIIIIIIIIIllIl Il lI|lI|I|llI|||| ELLBEL T
GTGGCAGAATGTAACTCCTCTGACATTTGAAGAAGTTCCCTACAGTG

GAGTTGGAAAACAAG-AAGAGG-GATGTGGACATTACAATTATGTTTGCT
PRearrie i llllll|| PERL T 1N

AR-TTAGAARATG-GCAA-ACGTGATGTGGATATAACCATTATTTTTGCA

TCTGGTTTCCATGGTGACAGCTCACCCT T TGATGGAGA TTCCT

IIII|IIIIIIIII VOLLLEL DO ELERERLIT] 1 4
TCTGGTTTCCA AGCTCTCCCTTTGATGGAGAGGGAGGATTT-T

'G-CACATGCTTATTTCCCTGGACCTGGCATTGG-GG-G-TGACACGCAC
11

T
DU CULTELE T THLEL ) II ||III 11 1 I
TGGCACATGCCTACTTCCCTGGACCA( TTGGAGGAGAT-AC-C-CA'

GACTCCGATGAGCCTTGGACATT.

TTC CAAATCATGATGGTAA
1 IIIII IIIIIIII [JEREN
TTTH ATGGACACT.

AGGAAACC
FLLLELE L8 LRLELLLTLLL |
AGGAAATCCTAATCATGATGGAAA

RN TR
1 e
TGA-CTTATTTCTTGTAGCAGTCCATGAACTGGGACATGCTCTGGGATTG

GAACACTCCAATGATCCCAGTGCAATCATGGCCCCATTTTATCAATATAT
VU LT ELEEREE LT E TELELREE D 11 1
GAGCATTCCAATGACCCCACTGCCATCATGGCTCCATTTTACCAGTACAT

TCCAGCTTCCTCAA-GA’

GGATACAGAAAACT
PELALERE JEEREL T L 1] ]
GGAAACAGACAACTTCAAACT,

III||
ACCT-RATGATGA

S R
| VOUILLLL BEE DT ]
AAGATATATGGTCCACCTGACAAGATTCCTCCA-CCTACAAGACCTCT-A

ST e
| ! |
GACAGTGCCCCCACACCGCTCTATTCCTCCGGCTGACCCAAGGAAA-~

TTACAAGGCATC
I|||| ||III!III
TTACAGGGCATC

50

50

100
100
150
150
200
200
250
250
300
300
350
350
400
400
450
450
500
500
550
550
600
600
650
650
700
700
750
750
800
800
850
850
900
900
950

950
1000

1000

1001
1001
1051
1051
1101
1101
1151
1151
1201
1201
1251
1251
1301
1301
1351
1351
1401
1401
1451
1451
1501
1501
1551

1551
1601

1601
1651
1651
1701
1701
1751
1751
1801
1801
1851
1851
1901
1901

CTAGCA-GACAA-CCAAGACCTCCTCGACCACCGACTAGGGATAAACCTT

[ S SNV N L o o i
--A--ATGACAGGCCAAARCCTCCTCGGCCTCCAACC-GGCAGAC-CCT-

CCTTTCCAGGTGCCAAGCCCARCATCTGTGATGGAAA-TTTCAACACTC

Ill III IR IIIIIIIIIIIIIIII! 1 Ell IIIIIIII
CCGGAGCCAAACCCAACATCTGTGATGGGAACTTT-ARCACTC

GGCTAT-CTTACGGGGTGAAATGTTTGTTTTTAAGGACCATIGGTTTTGG
PUERL UL LT TEELRE L G TR
AGCTATTCTT~CGTCGTGAGATGTTTGT T T TCAAGGACCAGTGGTTTIGG

CGTGTTCGAAACAATAGAGT TTTGGATGGT TACCCCATGCAARATTGCTTA

ll II [TELLEE T T ||l|||| TLLLE ALTLTL THE)
GTGAGAARCAACAGGGTGATGGATGGATACCCAATGCAAATTACTTA

CTGGAGGGGCTTGCCTTCAAAAC-ATT~T~-ATCCAGTCTAGGARCG

III|Il lIlIIlIIIlI | Pl L 1 Iy 1 1
CTTCTGGCGGGGCTTGCCT-C---~CTAGTATCGATGCAGT TTATGAAAA

--GCCGACGGAAAGTTTGTGTTCCTTAAAGGGAGTAAGTACTGGGTCTTC

PEPVLEE T TRERL e FTEbe 1 1 1k i g
TAGC~GACGGGAATT TTGTGTTCTTTAAAGGTAACAAATATTGGGTGTTC

WD AR TN A
Il
AAGGATA-CAACTCTTCAACCT-GGTTACCCTCATGACT-T-GAT--AAC

T
1ol
CCTTGGAAGTGGAATTCCCCCTCATGGTATTGATTCAGCCATT-TGGTGG

CTTCAAAGGAGACAGGTACTGGAGGTA
IIIIIIII I II
TTCTT TGGAGATA

TTGGGARAACCTAC

GAAGATG’
(L EE L L [TLE il
GAGGACGTCGGGAAAACCTAT! CAAGGGAGACAGATAT

GAAGAAAC~A---CA-TGTTGTAGGCAGTGGTTATCCCAAATCCAT

CAAT
RN .| || N lII
TAGTGAAGAAATGAAAACAATG--G-ACCC--TGGCTATCCCAAG-CCAA

TTCA-A-TATGGAARGGAATTCCC--AAGTCTCCACAAGGG-GCCTT
e L L b III PELLLLD L IIIII
T~CACAGTCTGGAA \T-CCCTGAA-TCTCCTCA-GGGAGCATTTGT

-CAGCAAAGAAAGTGGCTATACATTTTTTTACAAAGGRARGGAGTACTGG
ELELLLELE Bty 1L LBt IIIIIIIIIIII!II[1 III

ACA-CAAAGAAAATGGCTTTACGTATTTCTACARAGGAAAGGA

AAATTCAA 'CATAAACTCAGGGTGGAGCCTAGCTATCCAAGGTCAAT
[NNNREEY! II I I I|l|| PEECE LT L

AAATTCAACAACCA( CTCAAGGTAGAACCTGGATATCCAAGATCCAT

ACTTAAAGA----ATGGA-TGGGATGTGACCGAAC TAAGACTGGAG--AC

111 POOE CE BEE L et b 441
CCTCAAGGATTTTATGGGCTGTGATG-GACC-AAC-A-GACAG-AGTTA-

~CAC-GAT-ACTCAAGATGATGTTGACATCGTGATTAAAAT

AAGGACAGG
I O TE LR Bl 1 41 bl
AAG-A-AGGACACAGCCCAC-CA-GATGATGTAGACATTGTCATCAAACT

TGATAACACTTTG--AGCACTGTGAATGCCATCGCCATTGTTATCCCCTG

e |IIIIIIIIII LR L TEILL FE 0L
GGACARCACA--GCCAGCACTGTGARAGCCATAGCTATTGTCATTCCCTG

I LT e
[y | 1 111
CAT-CTTGGCCTTATGCCTCCTTGTATTGGTTTACACTGTG-TTCCAGTT

~AAGAGGAAAGGAACGCCACGCCACATATTATACAGTAAACGCTCTATGC
FLLLLLLRELLNL] 1] |ll||l||| | IlI Illllllllllllll

CARGAGGAAAGGAACACCCCGCCACATACTGTACTGTAAACGCTC

AAGAGTGGGTGIGA. . .t e ittt insctansneaansscaarannns

LLLTLELEIbLL

AAGAGTGGGTGTGA. .« vttt ittt ine s ieennecrananns

Fig. 7. Comparison of shark MT3-MMP with human MT3-MMP.

Shark MT3-MMP had about 70% identity to human MT3-MMP.
Sequences indicated in bold print are shark MT3-MMP. S=shark,

H=human.
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1 MANGFTQPLATLYKGKQLAFVYSGAFYLIQTLLWIICSVCGEEQPFSVEIWLQKYGY
signal peptide

57 LQASEPRMSVLRSSQSMHSAVAAMQQFYGIKVTGTLDENTIDWMKKPRCGVPDQ
pro-peptide

[VALTGQKWHHKHITYSIKNFTPKVGKLETHRAIRRAFDVWQNV

112

168 TPLTFEEIPYVE LENKKRDVDITIMFASGFHGDSSPFDGEGGFLAHAYFPGPGIGG
catalytic

224 DTHFDSDEPWTLGNPNHDGNDLFLVAAHELGHALGLEHSNDPSAIMAPFYQYMD

279 TENFQLPQDDLQGIQKIYGP|PDKIAHPTKPLPTVPPHRFNPPSDPRKPSRQPRPP
hinge
333 RPPTRDKPSFPGAKPNI|CDGNFNTLAILRGEMFVFKDHWFWRVRNNRVLDGYPM

387 QIAYFWRGLPSKHLSSLGTADGKFVFLKGSKYWVFKEATLELGYPQNVVELGSGV
hemopexin

442 PSQGIDSAVWWEDVGKTYFFKGDRYWRYNEETHVVGSGYPKSISIWKGIPKSPQ

496 GAFVSKESGYTFFYKGKEYWKFNNHKLRVEPSYPRSILKEWMGCPRTKTGDKDR

550 HDTQDDVDIVIKlDNTLSTVNBIAIVIECTLALCFLVLII TVWQF l(RKGTPRHILYSKRS
IS (insertion) transmembrane cytoplasmic
610 MQEwV*

Fig. 8. Deduced amino acid sequence of shark MT3-MMP.
The MT3-MMP cDNA encoded a protein of 614 amino acids.
The predicted signal peptide cleavage is indicated by a
downward arrow. As shown is a cystein switch (RXKR motif)
which is boxed. The transmembrane domain is underlined.
Vertical lines separate distinct subdomains of MT3-MMP into
pro, catalytic, hinge, hemopexin, transmembrane, and
cytoplasmic domains.
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3. o] TIMP-3 B MI3-MMP §-3=}e] 2z} 228 UH=ZA}

FEAole] 2t ZHo|A TIMP-3 9} MI3-MWP transcript®] WHRPEE Uofr7] 3] ¢
AYoll AHEH TIMP-3 W MI3-MWP primer& ©]-&3te z} Z2d WHE RT-P(RE ©]-8-31
o Elstgct. 4, 4 23 (¥, dF, 25, H)9 RAE F&3lo] DNE AR F,
cDNA2] AJell2} A EA O] actin primerE PCRE £4335l4ct. TIMP-3 FAXI] ZH$
Fig. 9ollA Kol Zz o] dF3 x| RA oMY Udo] T3} Zho] vjs) E@HUE A
2 Y £ dgden, MI3-MPRAALY] UYHL Aol 23F X9} dI RN A UYIES
Zgstadrt (Fig.10). 4 ZZ oA TIMP-38] T3 UH P42 ojn] Ry v} o= 4
o] dZ HAEAHE oA JIH AREAMY IS S1Ey 3] Fo, HIIA
MI3-MMPE] &2 W82 x| WA EF vFYEHLE dojd 5 AU MP-22] A& A
B3 Ador A FAEY UES AR ¥ JLoE oy"Lt

Full-length
- TIMP-3

Fig. 9. Expression of TIMP-3 mRNAs in various tissues
from Scyliorhinus torazame. RT-PCR with specific primers
for TIMP-3 using total RNA (5 ug) of various shark tissues.

In a control amplification, human actin (about 80% sequence
homology with shark actin, data not shown) primers were
used.
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< MT3-MMP

-4 f-actin

Fig. 10. Expression patterns of MT3-MMP in
various tissues of shark. RT-PCR with specific
primers for MT3-MMP using total RNA (5 ug) of various
shark tissues. In control amplification, human g-actin
primers were used. Marker is 1kb size makers.
Specific signals for shark's MT3-MMP were detected
at 350bp in the brain and cartilage.
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4. A}o]2] endostatin F-A =] GA7IAd 4 1 homology search
7}. Atole] endostatin -+ A}2] partial cDNA €714 @ 24 9 homology search

goje] AFZZ oA endostatin ALY WAL XAPsL7] fl3f A7lol 71&¥t vig} &
o] 4% primer (5’ primer, 3‘ primer, 15’ primer, 13’ primer)& AFMZ-3}o] RT-PCR ¥
o2 Wy QA HAstdL (Fig. 11), DVA gelo]d 223 22e] endostatin PCR
productE& pGEM-T easy vectoro] EZWY3F %, 23 cDNA €74 4dE& automatic DNA
sequencing WY o ARSI} o] E7]AEEE olu] X7 human?] endostatino]] cj3t
A7l g v]23t A endostating] 79 383bp, 214bp, 301bp, 350bpe] transcriptZ}
Elyt=d], 3 £ 214bpe} 301bp S=& human endostatinz} homology searchdt ZAz} o
80%2] 45 dol ATS HAstATt (Fig. 12).

<+—350 bp
<+—301 bp

Fig. 11. RT-PCRZ 0|23t Alo] o1 2 endostatin transcripte] sl = A}
Lane 1 : 5’ primer /| 3' primer
Lane 2 : IS’ primer / I3’ primer
Lane 3 : 5 primer / 13’ primer
Lane 4 : 15’ primer | 3’ primer
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1 AAGGACGAGGTGCTATCTCCCAGCTGGGA--CTCCCTGTTTTCTGGCTCC 50
FECERTURD L L TR EE e ik e 4

1 AAGGACGAGCTGCTGTTTCCCAGCTGGGAGGCTC--TGTTCTCAGGCTCT 50
51 CAGGGTCAACTGCAA-CCCGGGGCCCGCATCTTTTCTTTTGACGGCAGAG 100
ORI 1 R T
101  -ATGTCCTGAGACACCC-AGOCTGGCOGCAGAAGAGCGTATGGCACGGCT 150
101 GAOLTCLTACGCACLCA-OLTEMOCCLACAGACUETOTORMTSRT 150
151 CGGACCCCAGTGGGCGGAGGCTGATGGAGAGTTACTGTGAGACATGGCGA 200
151 CAGACOLAMLAECCAGOLTCACCLAGAECTACTCTEAGAGG GG 200
201 ACTGAAACTAC-TGGGGCTACAGGTCAGGCCTCCTCCCTGCTGTCA 250
. Moblcololobel Mool T
251 GGCTCCTGGAACAGAAAGCTGCGAGCTGCCA-CAACAGC-TACATCGTCC 300
251 GUTCLI0OGAGAGTOOMACCTAATI LTS 300
301 TGTGCATTG. .. ...o'erree e eiee e eeeieeeenn, 350
301 }c{tl;ynlvlr(lz ................................ e 350

Fig. 12. 210 endostatin®} 217} endostatin®] homology search Zi1}
Upper row : 410 endostatin

Lower row : 217} endostatin
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L}, Aol endostatin A2 2t 2AE wWI=RAL

FESY dZ 2o tiERF oA UHEHE endostatin transcript?] WHFFEE Yo}
B7] 213, ¢ A¥olA AFE-E endostatin primer (5° primer, 3’ primer)E o]&3}o 2z
ZAH WYE S RT-PCRES o] 83t ¥lsiqir}.

2} 22 endostatin transcript WHES AR A}, Fig. 133} o] Atole] endostatin
ol2} # =& ¢ 383bp transcript’t AZR2 oA 53] ZAslA YEHES Hesjgic)

M12345

< 383bp

Fig. 13. 4l0{9] 2} =ZX|¥ endostatin transcripte] sl 2;21 AL
Lane M : DNA size marker

Lane 1 : HT-1080 cells (control)
Lane 2 : 4t0{ brain =%|

Lane 3 : 2t0f cartilage =Z|
Lane 4 : A0 liver =Z%|

Lane 5 : A0{ muscle =%



5. Atole] angiostatin A=A} G714 Ed £ U homology search

7}. Ato] @] angiostatin partial cDNA @714 d £ U homology search

xojo] AZzZ oA angiostatin FAx] WHE ZAISH7] #18 endostatin®] -9}

L W o2 human?} mouse?] conserved sequenced EC|E A &3 4F2] primer (5’
primer, 3° primer, 15’ primer, 13’ primer)& AFE3}o] RT-PCR WHo g Wy okAts 2R
AVt 3 (Fig. 14), DNA gelollA] #2]%}t angiostatin cDNAS pGEM-T easy vectorof] 24
3 %], S =9 cDNA 874 ¥& automatic DNA sequencing WH L& ZAASIACE. o] |7IA
dg ojo] HB3¥ human?] angiostatino] ¥ @r|MER v A, Fold
angiostatin 317 bp &&o0] human angiostatinz} ¢} 46% A x| AMsAdo] glalrl (Fig.
15).

317 bp

Fig. 14. RT-PCRS o|&st Al0o] o1 angiostatin
transcripte] Wsl <AL
Lane 1 : 5’ primer / 3' primer
Lane 2 : IS’ primer [ I3 primer
Lane 3 : 5 primer / 13 pﬁme
Lane 4 : IS’ primer /[ 3 primer
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1 GGGGAA-T-TC-GTGT--AT--CTG-——-TC-A--GAATT---GATGTGA 50
R T R S L e e L e A

1 GTGTATCTCTCAGAGTGCAAGACTGGGAATGGAAAGAACTACAGAGG-GA 50
51 GGAT-T GG—-T-—-TGTGAA-—-T--—-TTCC--T 100
51 C(E/H‘G}CCMMCMAMAT&CA{“CACC}‘&CMMA{GGAGH%&C} 100

101 GTCTGCGGGNCC-CTAG-C-TA-AGTC-C-C-TG-TG-A-A-~----AGA 150
101 —{(ll'}‘ -(I‘,—--Cé(IZA(ll-fIX(IiAéC’{“/IXG/IXTIFéF (IZA(IZC'}‘(liC'{“ AC/IXC/IXCCCCT C/lk(lill\ 150

151 AG-ATTACA--A-AAGGCATCACTGTCAG---TCCAGA-AATAAA--—-A 200 -

N N U AR I
151  GGGACTGGAGGAGAA--C-T-ACTG-CAGGAATCCAGACAACGATCCGCA 200

201 TT-----TGG-G~-A-A-—A--GAT--A-AACA---~T-T---T-CT-C- 250
201 G6GGOCCTBUTCCTATACTACTOATOCkGAAGAGATATGACTaTas 250
251  -C-—~C-—G-GTTTGAA------T-T-TGC-T-G-AGT--ATAAA-~T—- 300
251 ACATTCTTGACTGTMGAGGATGTATCATTUCACTCGAGMMCTAT 300
301 --C-~C--—-T--CC-—--CC-T CT--AAT-CC---CCTG-—- 350

O S S | lll NI
301 GACGGCAAAATTTCCAAGACCATGTCTGGACTGGAATGCCAGGCCTGGGA 350

351 -T---A-A-—--A-AGG———A-G--T---TTCCA---AAATTAATCACTG 400

| 11 [ S A LEEEE 1
351 CTCTCAGAGCCCACACGCTCATGGATACATTCCTTCCAAATT--TC-CAA 400

401 TCA-GA-CCAGGATAGAA-A-TTCACAACAT-TC-T--CCCC—-TCCTG- 450

Lt et LA 1
401 ACAAGAACCTG-A-AGAAGAATT-AC——-TGTCGTAACCCCGATAGGGA 450

81 1
451 GCTGCGGCCTTGGT——-GTTTCACCAC-CGACCCCAACAAGCGCTGGG-A 500
501 ACATAG-G-—-TC-—--GAC-—C-C--(ll/l\ ..................... 950

S L e | S O N
501 ACTTTGTGACATCCCCCG-CTGCACAACA. ......eevivnnn. .. 550

Fig. 15. 2l0] angiostatinn} QlZ} angiostatin®] homology search Z 3}
Upper row : At0{ Angiostatin
Lower row : 2|7} Angiostatin
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U, Ao} angiostatin Gdxle] 2t 2w WHzA}

FEAole A 9o tlERAoA UHPE L angiostatin transcript?] LYHFPEE do}
27 93] ¢ AMBolx AMLH angiostatin primer (5° primer, 3’ primer)E& o]&3}o] 2t
XA UHE RT-PCRE o] &3l Helstgrt Fig. 16014 Uephd ulel o] Aojg]
angiostatino]gl 3 E L 317bp transcript7} ¥, %, THFAME I=2A UYHES ¢
4 2t '

<= 317 bp

Fig. 16. 4Al0o{2o] 2! =X|Y¥ angiostatin transcript a1 kA ZX AL
Lane M : DNA size marker
Lane 1 : AM0{ brain ==&
Lane 2 : &0 liver =%
Lane 3 : 40| muscle =Z%|



6. Aro] TIMP-1 F-A=}2] €714 £ W homology search

YRRl 3] WHRHYMES0] A3 LOH, o] AEESYE HAel matrix
metalloproteinases (MMPs)7} 28]E o] 833} 7]A 4} (extracellular matrix)& 3] A]
A UM B3 F A= T2 &0 AA Hrh ol FJ AP AR wPet 1:1
complexE ©|FLEA MPY 7]5S A7l Aoz A8z TIP Ald F, 53] dol
A glo] sl MMP-9 (gelatinase B)2} complexE o|F+ Zog <« TIMP-19
conserved sequenceE ETHE ¢lollA A&t uis} o] primerE A 231t o|FA A|F
3t primer 5 hTIMP-1 S22} hTIMP-1 As2& AR5t Ato]e] AT XA oA 2|3 RNAZREE
RT-PCR WHLo2 TIMP-1 fFAALY UH Y& ZABIALL (Fig. 17), DNA gelold Ee|jt
TIMP-1 PCR product& pGEM-T easy vectoro] Z2Y3I %, ZEH cDNA E7]A4dS
automatic DNA sequencing ®H o3 3lgct. o] QIAMEEE ojn] ¥3¥H human?]
TIMP-10] th3t @7]M @z} vlag A3} Adole] TIMP-1 29 %%, 366bpe] transcript7}
T2E] 9= human TIMP-13} homology search¥t Z 3} oF 55%2] AlmAo] alalrt (Fig.
18).

396 bp—

Fig. 17. RT-PCRSZ o|&st 40| o2 TIMP-1 transcripte] Wal =A}L
Lane 1 : Human cell lineojA{2] TIMP-1 transcript
Lane 2 : &0 ¢1Z20jA{<e] TIMP-1 transcript



1 GTCATCAGGGCCAAGTTCAAGG---C~0C~G----C——CCA-A--A-——- 50
CEELRELLLE T e e 1| IR

1 GTCATCAGGGCCAAGTTCGTGGGGACACCAGAAGTCAACCAGACCACCTT 50
51 AGTGC--GOG--A-G-GCCCTT--TG-C-A-G-T--ATAAGAGG-TATC- 100
51 A-%AéCAéééTTATéAéATéAAGA{éAéCAAéA{GTA%AA-AééG%—}éc 100

101 AC-CCA-AGGGAGAAT-CTT-T--C-TCCT-TTGGCTCT-CA-~——- G- 150

TR i I
101  AAGCCTTAGGG-GA-TGCCGCTGACATCCGGTTCG-TCTACACCCCCGCC 150

Y11 g

151 ATG--GAGAGTGTC-TGCGGATACTTCCA-CAGGTCCCA-CA-ACCGCAG 200
201 T-A--AGTT-C-CAA-G-TC-AATGCAC-GCTACGAGATAGACGCT—C- 250
201 COAGGAGTTTUTCATICC GGAA--ACTGL-A-G-GATGACTCT TG 250
251 CTAGTCACTACCCTGTAAACAGCT-CAAGCCAGCAGCCTCAGAACCGAGC 300
251 C-A-MACTAC-——Chbrindondalt-¢-(CTo-GhACAGL 300
301 AAC-G-GCCATT-GTTCCTCTGACTGA-GTGGGCG-C-CGAA-AC-TAAA 350
301 ~-CTOAG-TTaG—C-TCaG-C-Goct- T MGACC TG 350
351 -TATAGGCCT-T-AGTAAT--A--GTGGTAGGTTCA--GTTT--CCAGAG 400
351 ClGITUC-TGTGACGATGCACAGTG-T-—-TTUCCTETTATCA— 400
401 TTTA-TGCAGGAGTAG-ATTTGACTGTGTGTAAATAAATGAGCATTGCTT 450
01 TecooTA-ACT-Gok-—GA-—GN—eAC--———-—-CATTRTT 450
451 GTGGACGGACA. .. ... e 500
51 GIOGACGAC. ... 500

Fig. 18 &Alo| TIMP-13} 2iIZF TIMP-12] homology search Ziv}
Upper row . 20 TIMP-1

Lower row : 212} TIMP-1



A 4432 H

£ Agola Wil TIPS MPE F344 2 ¢ H& ¢ Holof 32% A4S 3t dA
2 ¢3A ol guty o s MPE collageno]u} proteoglycanzt 22 AHIX&] 718 #4874
BE Bajshet Bojshs A2 FAYHo = ARFESY uf YB3 22 Quld
of 203 J¥UE 3= L FO= HuF g} gL, FHI ojlF FaA F2 A4 ¢
A X7} o] ks ARXEZHE Holx vl FHY 7[ASE T3 o] 53t FRI|AAMX
to 8 ARsh= ¢Ho] AFoM AR o] JAZEES m st LA R Hol7t &ol3dt
55 sk A¥ A JUS sk AoE oA o) o]Ee] A8 TiMPo &3] &4 %
gol AaliElo] UMY FHE 2AA Hoixn ¢#A dch TIMPE ol MP B3
A 3f ol2jof A AA75o] Bud vp v} o[ TIMP-3 W MI3-WP FH:= F
2 Az, 3, @3t g2 HFFEolA cloningSle] I 750l AFHI 33, ol tiFE
o RARE 5 &Uso] drh sR|g, ofFolMe EAAF & O JdFAI H B
28 vl glddoy B dFRoA HEXE QZoRERY ol A @7IMEE WU
I MI3-MMP] 7 8 53 2YZolth. T Ao AT AP Aol #¥H F
AFQ Az} A] o}z i z|A] olustg o}, & dAFolA Yl oo} TIMP-37F EUA
2 Aol {AH 3 Axlehes AR =E=’ZE A ASHH T

oA FFH Aol TIMP-3 9 MI3-MMP7} E@ggel olH g e nXe ], ArjdE
of o]l& ZARS}IAL, o] AUxIEo] R Foichd P Pol BIH AP X EA=
249 £ Atk 7Hed& AAlstdt




A4 x HZoiR SRYNAN S YHYE
AlATol %E U PUA &5 A

Al1d M A

22pd o] Mols) AT ZHoTRE TIP-3 FAAe AN QrMLE, o 2oz ry
MI3-MMP S zte] AA @714 EE WUt ol FBGel HFE RAxEL] WA
e AlARle] T&E 93] WA full-length TIMP-3 W MT3-MMPR] U HEE FH35Ia=}
Pyl FEE YANEH Y dgy A dEAd 5 s 3L Usta, os
dahdd Aaglogiy RN 9A 2 fEo A&3te SEE Y5staa} it
EY HE $Zo]A o]E FAAEC] W A oA T2 HWof ojuy TS et
] ZApstR, B A@Ale] &% in vitro angiogenesis assay, in vitro invasion assay,
wounding migration assay®} in vivo CAM assay%S T3l A ¢ g3 AH4G4 1 Aol
of Tyt 3ekztgal YA Aol oy FAYY FI 28-S ZF3l ofFE FH A
et g o HBALEY Aol oy MELR JUFY MUS AlEStazt i)

A2 A AE AR L Py
1 e Aame] 7&

7t dEEE ] Az

RT-PCR3} RACEE &3l ¢ojz full-length cDNA clone® pGEMT-easy #HE{of A1QI¥t %,
Xhol/EcoRI #-¢]& Axi3itt. At insertS pRSET WHHE| 2] Xhol/EcoRI F¢lef] 4}¢l3t
H, chi@dtol] FAARBAA insert7} AYUH SES Sl F ATAEL £43 AIIMNES
4 g}

L @338 A AL Uy

o] WAWEE ciAFo] FABBAIA ampicillin (50ug/mé)o] H7FH SOB media
(Tryptone, 20g : yeast extract, 5.0g: NaCl, 0.5g: KCl1, 1.86mg/liter)of overnight
(0O/N) F<t vjgict o] cultureE SOB media® 1/200% E]A3le] 37 TollA] uwje¥sle] 0.D
600 Ztol 0.30] =LdWE w] IPTG (isopropyl-1-thio- 8-D-galacotoside)E X E% T InMZE
A7Vt MI3/T7 TolA & ZEA|Z] F 5x2 Fet WHAZICL o] LAAZ 1ml 8] ujedey
S 2HE pellet& A3, o] pelleto]] 20042} sample buffer (0.05M Tris-HCl, pH 6.8,
0.1M DTT, 2% SDS, 1% glycerol, 0.1% bromophenol blue)ol] HEIA]ZIFE 90ColA 587 7}
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AF 104£8] MEL 20%2] acrylamided A}2-3}e] SDS-PAGE (Laemmli, 1970)& 23t}

th Y ud 2 Hy
HA UPZAS AP +EolA HY3t] sl3) wiAd, IPT6 58, Ad Udddz
& A3t EAYE JADRA ] Ud g HH3} Yrh

et <o oty =4l
BAZE WHAZ Fo] FAYE GARAL] YA SLE A iR diolA YA
FH4d AN tiFFulolA Y-S AR

2. Animal cell transfection

783t promotert} W RAA promotero] HZAA|Zl eukaryotic expression vectore=
calcium phosphate precipitation methodZ o]&3}le] A & 2PLo] ZrHZE Qizh
fibrosarcoma A|3Ql HI 10800] transfectionA]ZIt}. ®#], calcium phosphate-DNA
coprecipitaion® 20 uge] DNA (220 pl in TE buffer)£} 250 nle] 2 x HBSE 42 * 31 jl
2] 2 M CaClzE drop by drop2 & 4o Aol 25%7F W%t X|§ 60 mm petri dish
ollA] monolayer2 At & FEAMEL wix|E AMAY F 2] ¥iA] 5 nl& 715t EEW
4] calcium phosphate-DNA suspension drop by drop2.® Y3 37C (0; incubatorojA] 24
Al wj g F, wiAE AASI AuiA] 5 nlE JIRE F o]EE¢ o ¥t ojutE
o] Eofl §rH42] G418 (geneticin)E A 2|3lc] stable transfectantql colony”} LlEld w7z}
2] v gE AlGIIES Yl

3. Chorioallantoic membrane (CAM) assay

TBYE TYU3t 4542 B¢ 18 Toll ok the 90 % FE7F FRAEHE 37T wj7]
o Yol ol& 0YduiZ 3lof vjggct. 3Uni7t EH AR BF-Eol F3& ol FAH]
2 Q9@ 3nl Bohdrh 4Quis} HE A FAZHUS Yk ®E R0E YAz
A5 ¥ HAE olg3iol AE 3 on 271 WY FES VEC. FAFUY ofefel Uk
2 e AAY F Felelo]E TS wheth HAPFEANAY AL ¢3to o]
2AE Al v rlolA 719] 4.5Uu]7F EH thermanox coverslipol sampleg =X3F F o]
g 0% B¢ AT o o2 A YAz 45Uue eHol=E uold ¥, o
coverslip® WA 2] embryo CAM ¥WHoll &3 TlA] feeo]|TE HFELS ut=}, o]E& uj
S710lA 2d S gAY F 10 % fat emulsion (Intralipid, HA=})-& CAMZ Q1ZFHoj
FQsjol S}3nZ (sagnification x 8)0% BRHol AL A VAT CMMe)
A Beth

4. 3N IAIRE] wi P}



American Type Culture CollectionofA] 1%} human umbilical vein endothelial cell
(HUVEC)S fetal bovine serum (FBS)E& ¥ 7I3t medium 199 (M199)2 wjefgitct, £ Avel
2] mediumE 2x} Z5H90f &2l ¥ sodium bicarbonate 2.2 g& E7I5l HCIE pH 7.2&
& ¥ 2 un Millipore filterZ o]& o3t the, AME Ao 20 %2] FBS, 1 %2
penicillin-streptomycin (P-S), 3 ng/m12] bFGF, 100 ug/ml2] heparing “87}%¥tcl,
wjo}& 7] T25 flask (25 mn?)ol 5 - 7 mle] HR=I2 37 C, EIHEFER FA|EHE 5 % CO;
ajok7lof A wrZujorstm, 0.05 % trypsin-EDTAZ Athujorsdled f=jgich  Algel A1-83]
£ MR passage 199} 30Ato]8] A& A&Rich

5. Mo 2412} (*H-Thymidine incorporation assay)

HUVECS gelatin® @ FEH 24 well multiplateo] 1x10* cells/welld] WEE HF3}3
1 n18] wix]& 718t} 37 TollA wjgyict A2/ GASEE FRUEANA=E Ae]
el Zalg zAMBLaLA} staat sk AR 42]17H6) 1 1Ci/nl 8] HEE *H-thymidine
S H7IRIch 4x|ZHEet 37 T el gTlolA wigE ¥ wix|E wie] 100%2] methanol&
718t 4 TollA 30 B¢t IBAUCE I F PBSE AHEE 2 A3 10 %2] TCAZ & ¥
B F 10 %2] TCAE 300 ul& H7Isto 122125 Azt 122 7o) A F TCAE W
2]3L 0.2 M2] NaOH®} 0.1 %2} SDS7} X3¥¥ solubilization buffer& 150 pl& H 78t 37
TollAd 30827 H2|sld MEE lysisAlZch. MEE lysisA}Zl ¥ scintillation solution
< 37}13t ¥ Liquid Scintillation Counter (Packard)& A}&3lo] WAlsE¢d4e €A
& &3t

6. Wounding migration assay

HUVEC 60mm culture dishol] Hlele] Holzx] ¢t A w7t & wizix] njadt ¥ dedd
M| Eo] MAHE o] reference lined 31 YHE Fo|wlit}. Serum free medium@ 2 3¥H
RoJUlL 10% FBS7} ¥H M99 BjA]E 3nl& HrIRIch 8]z S0 1mM thymidinz}
IGF-11E A8t 2421 E¢t 37 €, 23 FEZ FX|HE 5 % C0; vjY7]olA wjggct
x| & WHe|3 PBSE AlojUil methanol® 18t I A]F|L Giemsa® 57 M3 F &
2 Rojuit}l. Inverted microscopyd ©]-&3le] 40u]E xS} reference lined Yol o]
T8 HE £§ Ac}.

7. In vitro angiogenesis assay

10 mg/ml H=2] Matrigel 300 ulE 24 well plateo] Wol=a A3} =& 3J7°CojlA 30
w3 €t Gelo] B4H F uidto] HolA] ¢f= =2 wjPY HUECE trypsinizaiondio]
4x10° cells/well1 2 B3t SRUEAAAE Zsts 1 nle] wixlolA 37°C vjats]o)
A jY3}aL inverted microscope® gel& W Hoi7} B FAIY RYS A=
A& Ac) B2 FHYcl
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8. Invasion assay

Pore size 12 pmQ! Polycarbonate filter7} Q= insert chamber& A3t} Filter®)
ol EEE 5 g type IV collagen®® HEISIZ filterd] YHEES 25 pge] Matrigel
(Collaborative Research, Inc,, Waltham, MA)E HE¥It}.  Main chamber (24 well
multiplate)o] YWIANPANAAE HI}S}i  insert chambero]:= HUVEC (2 x10°
cells/well ) X35} viz] 400 pl& Y2 ¥, insert chamber& main chamberof] Zojyg
=t} 37°C ujekr]o Yof 6A]3t uljek§t ¥ insert chamber?] polycarbonate filter& o]
o] 1A% ¥ hematoxylin-eosin G35} Matrigel-& 3|3l filterS BT MR
& Aegch Zzks well o WA U HWVECY] 42 Jepdtt

9. Human Alu sequence PCR-based CAM assay

1998 Cellz]of] 7|#lH Aj22 Ho|, HEF ¥HE RABlE= in vivo assay2# 4o]
TIMPS] 33o], A& VS AP 3l thezt 22 Yoz A8 S +33Adrt

N

b ARl M2 cAM A g .
AL SEA (ofulolo]FhE AHERch. RS FUSt 4547 F 18T Fof
ke 60% S =71 || =& 37C wjg7lol Yol o|§ 0YulE stod wjd¥ich 2duirt =
Ao & FEo 28E vo FAPIE ¢FUE 1ol Fohdth 3Uuirt HH AR
F71FHUS Qt B R0 YAE AFY F o2F ol§sld AF o 2719 WY
S et olRAE A vl F19] 9duivt HHE, Holu & FEE UolRn
2} 3he A7 fll MEES counting®t F, FUY 2 HREES CAMol A 2|3}7] A7}
iceAtol A PBSujol RFRITL PBSOl Qe FYUR 48] M EES upper CAMO] A ¥t ¥, 12
o] =¥ lower CAMO.ZHE genomic DNAS He|jich

g Hn

1}, Alu-PCR

Lower CAMojlA] £2|%} genomic DNAE FH O 3l Q7 Ho|H o T yo] EXsh= |7
A @9l human Alu sequences Specific primers& H|2s}lo] PCRE 4335}¢it}). PCRo| AF&H
sequence?} PCR cycle2 th33} Zc}.
Human Alu-sense: 5" ACG CCT GTA ATC CCA GCA CTT 3’
Human Alu-antisense: 5° TCG CCC AGG CTG GAG TGC A 3’

95 C, 5 min (1 cycle) - 95 C, 30 sec ;: 58 C, 45 sec : 72 C, 45 sec (15 cycles) -
72 C, 8 min (1 cycle)

PCR 438 Az} QoA product?] size 224 bpolny, Z}z}e] band intensityE W|&Lsle] 2



3t band?] Z9 F{BA o] &2 AMEel Ukt tRFOE 7] B-actin primersE ©]
23l PCRE 4-3B3ict.

A 33 A8 24
1 ol% YA A wHHEY 75
7. aolel TIP-3 S3jol thet UY e 75

2xPA oA FFAo] (Scyliorhinus torazame)®] QZRZAONAFE FAZY AAU=L
2 B3%o] 9l TIMP-3 S} full-length cDNA E7|AEE W3 ugch olE Erj
2, Ao} full-length TIMP-3 cDNAE A2} 7}53%t primer (Fig., 19)& A 3slo PCRE 433
stgch PCR product& 2 Uy wWelo 24317 oJ8-¢+E2E, WA PR product H-§
HE{Q]l pGEMT-easy €| (Promega)ol]l EE4Y3}tt. ol& S2YH Helo] Xhol, W Pstl
HIFAE Ae|sle] full-length TIMP-3 cDNAE H:2]3l3, 2] ZE& A H408 Uy
M E U ¥ pRSETA (Invitrogen)ol X 2|3t F gelofA] Za[dlgct. &% F product
E& ligationdla Atoj8] TIMP-3 RAE WY 4+ A= HEHE FH3i4rl
PRSETA/sTIMP-3 o] 2]2] T2 M X UHHWE|Q pGEX-4T-1 (Pharmacia)ol Xhol=} Notl A
BHAE o]-&3t A7l AMedt vt SUY WL o] TIMP-3 LUVHEE A 33ty
c}.

5 primer : 5-GGCTCGAGATGGTATTTTCTACCACAGC-3’
3’ primer : 5-CCGAATTCTTGCTGTGTCACACGAGATG-3

Fig. 19. 4t0{ TIMP-3 full-length R& X} 22'J0f] A2 st
primer 97| M

U, Aol MI3-WP Azt thdt 43 Hy 35

AP 233 GEE A AHojo] A Y= ZoE EIF Q&= MI3-MP] A
A HG7IMEE dold] HzozRE ojn 2xpdEe] eIyt up vk bW Ateje)
full-length MT3-MWMP E7I1XE& EC]E Bamil At HAAEE 9% wUtte] €31 primer
(Fig. 20)& A2}5lod PCRE 433t ¥, o] productE full-length TIMP-32} ml2trix|Z
PGEMT-easy vectorol]l 233ttt o] S2YH Hej9} YA X 4y ¥ejQl pRSETB 2t
2} BamHl & A et ¥ gelolA #2]5lglth 53| pRSETBL] 9 BamHl& AHe|std 9% o
whol 2 A Tzl s} ZafstEe, Eelsts] Aol self lagation 2|5} alkaline
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phosphase, calf intestinal (CIP, NEB)E A 2|5ttt 23 the £el¥ F productES
ligationd}o] pRSETB-MT3-WMP '#& Wel& 2&3todch

5' primer : 5-CGGGATCCGATGGCAAACGGGTTCAC-3’
3’ primer : 5-CGGGATCCTCACACCCACTCTTGCAT-3

Fig. 20. 4}0{ MT3-MMP full-length RX X} 22Hof] A2t
primer S7|A{ .

o). Aol THP-3 T MI3-WP §8xlel it ZHEE weiue Az

SEAO1S] TIP-3 T MI3-WP W3 +Zold SRALBEL ZASN] o) ZRSE
e Ql pCDNA3 (Invitrogen)ol EZWstglth. TIMP-32} MI3-MP7} EFFo] Q&
pGEMT-easy HEjofl 2tZt EcoRl} BamHl & He|¥ ¥, 22 Agr B4AE A |3 pCDNA3L}
ligationdto] shark TIMP-3 X MT3-MMP Tha & 'Laish= pCONA3 B & #)ztstaict.

2. o}F WRAAA SAx chuy 24 A

7h. Aol TIMP-3 Aol Wy i}

Xhol W Pstl AHFNFEAE A3t TSF pRSETA/shark TIMP-3 WEWEE F, coli
BL21(DE)pLysSel] FAHH A|W F, 0.Deo ko] 0.6, 1.0, 1.50418] UBHEL} 2, 5, 74
Zt @ O/N induction A|ZF @ 30, 37Collxe] whzle] Wy AT E ZAIRE A, 0.Dso L
o] 0.60] =& wl induction A]Z wigt whio] WHE oW, I o EIF £Fo|H
Tt} 283td, Xholz} Notl HFPHAE o]R3te AW = S GHME wHEwEel
pGEX-4T-1/sTIMP-3 ‘BB & E coli BL2lo] FAAR A7 F, inductionr]2] 0.Dso kol
0.6, 1.0, 1.50]A2] A=} 2, 5 7x17F & O/N induction A]ZF & 30, 37Cojr el vt
WA wH FeE RSt I 22} 0.Do Ftol 1.00] EENE of F5E 1.0 oM
IPTG (isopropyl-1-thio- 8-D-galactoside)Z H7}3lo] 30C 5A]7HE¢F wiUS uwf 713
e IS Y53gct (Fig. 21).

U, Aol TIMP-3 Thii o] &

’go] TIMP-3 ©hf A& ¥ E3L7] 913l ¢lolld A&t vle] 2SS pGEX-4T-1/sTIMP-3 &
WE & induction 3tgctt. 28 the, Ate] TIMP-39] whRlo] solubledt FejE Ex)st=
Z], insoluble¥} inclusion body Hel® Eahd}=x2]e] oJEE Triton X-100 cracking
buffer® AbBstol 1@ 23, ch¥Ee Tho] insoluble pelletoE EAjstaict.
Pellet FElB Exsl= b2 11 H L RAS}7] o392 8, guanidinium buffer (6M
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guanidinium-HC1, 0.1M NaHPOs;, 10mM Tris-HCl, pH 8.0)& A}&3}o] extractiondlgit}. &
B gH 2L XASZ] $13) CAM assayol] HL2¥ %ZF recombinant shark TIMP-3
GST fusion proteinz} GST proteing 2}7] A aFsle] Fu|stgct (Fig. 22).

0.D=0.6 0.D=1.0

30°C 37°C 30°C

OHr 2Hr 5Hr QHr 2Hr 5Hr OHr 2Hr 5Hr

<¢— Shark TIMP-3

Fig. 21. SDS-PAGE of proteins from induced or without induced
bacteria with shark TIMP-3 expression vectors.
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| < GSTsTIMP-3
| <& GST only

Fig. 22. Recombinant shark TIMP-3 fusion protein expressed by E.coli
BL21.

Concentrated protein of GST fused shark TIMP-3 protein from inclusion
body and GST protein from soluble fraction.

T} Zgo] MI3-MMP ©hijale] by ZA}

pRSETB-MT3-MMP plasmid& Z}*x|3 Q= E coli BL21(DE)pLysSE ampicillin 50 zg/ml 2}
chlorampenicol 35ug/mlo] A7}E LB brothol]l 16 A]Zt S¢t wjokstalct. o] @A ujodsle]
[AAYY E coliE LB brothE 1/2008 3|48} 37 °Colld wjo¥stglch. 0.Dew kol 0.5
o] =YL uf IPTGE 2 FHEE 0.4 mMe} 1.0 mMZ H7)3te] 3, SAIZHEQ 24z} wjgdt
¥, 1mle] njetjo iy S dort. o] wAE 200412 sample buffer (60mM
Tris-HCl, pH 6.8, 10 % mercaptoethanol, 2% SDS, 10% glycerol, 0.01% bromophenol blue)
of HEtAIZI F 100 °CollA 583t 71E]t F 10419 sampleg 12.5%8] acrylamide§ AH§
B}o] SDS-PAGES] £A3tArt. Fig. ol R uiet o] MI3-MMP ©h§ A2 PTG 0.4 mM2} 1.0
2] B2 32743} 5417 F¢F inductionA]F] F WHES HASIAC} (Fig. 23).



Lane 1 2 3 4 5 6

IPTG
Time -0 3 5 0 3 5 Hr

Fig. 23. SDS-PAGE of proteins from induced or without induced
bacteria with shark MT3-MMP expression vectors.

Lane 1, No Induction
Lane 2, Induction with 0.4 mM IPTG for 3 hour
Lane 3, Induction with 0.4 mM IPTG for 5 hour
Lane 4, No Induction
Lane 5, Induction with 1.0 mM IPTG for 3 hour
Lane 6, Induction with 1.0 mM IPTG for 5 hour
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g2}, Ato] TIMP-3 I MT3-MMP E-§4¥ HE]e] transfection

FEAol TIMP-3 ERUE Hel§ lipofection YO E HTI080 Ao stable
transfectionA]Z]l ¥ total RNAES F&3lglct. Atoje] TIMP-3 U¥E Northern blot
analysis W RT-PCRE o]-&3te] #qQl3t Az} Alo] TIMP-3 transfectantoAql Bojzo g
o UEEz dLE  HAsiych (Fig.  24). Aol MI3-MP  UEWEE
calcium-phosphate ¥'H& o| &3} HMo|g} &FAdo] AL ¢l NIH3T3 M XEof transient
transfectionx] gl ¥, total RNAZE &35}l RT-PCRE o] &3} &8t Az}, &A] MT3-MWP
transfectantoll Mgt cie} UHE S FHeAstgct (Fig. 25).

N o)
I

- Shark TIMP-3

-« Shark TIMP-3

- B-actin

Fig. 24. Expression of shark’s TIMP-3 in the HT1080 human
fibrosarcoma cells transfected with sTIMP-3 expression vectors. (A)
Northern blot analysis was performed using sTIMP-3 cDNA probe. (B)
RT-PCR analysis was performed using total RNA (5xg) and amplified using
gene-specific primers. In control amplification, human g-actin primers were
used. Control, untransfected HT1080; Mock, transfected with empty vector;
sTIMP-3, shark TIMP-3 expression vector transfected HT1080 cells.



<& Shark MT3-MMP

- g-actin

Fig. 25. Expression of shark’s MT3-MMP in the expression vector
transfected NIH3T3 cells. PCR product of 350bp amplified using
gene-specific primers. In control amplification, human g -actin primers were

used. Marker_is 1kb size makers

3. g PHES 3N @ dolodA HgEA}

7}. Gelatin-based zymography& F¥ Ao] TIMP-3 B! MI3-MMPS] MMP-2 th¥id g W
Z A}

¢e] Hojot H-gol 23 7]5& e MMP-22] il S-FollA] oo TIMP-32} MT3-MMP
o 2J3t ¥ F=E HUSLI] $13) gelatin-based zymographyE 33ttt =A Ao
o] TIMP-37} ujx|= MMP-2 A wH3E a3}y ¢3] HT1080 A X2} empty vectorS
transfection A]Zl mock transfected HT1080 (Mock), TIMP-3 transfected HT1080 (sTIMP-3)
HE2] Z2F concentrated conditioned media (COM)2] MVP-2 A EE #lgt Az} Ao
TIMP-3 transfectanto]|A] active MMP-22] o¥o] A 3] ZHATS ISt} (Fig. 26). &E
¥t MT3-MMP transfected NIH3T3 A|X8} mock transfectant?] conditioned mediaoi]A]2]
MMP-2 EAd % ZALS] £ Az} MT3-MMP transfectantollA] active MP-27} t}8} Z71€8& &
Astdct (Fig. 26).
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Pro MMP-2
Active MMP-2

Pro MNMP-2
'Active MMP-2

Fig. 26. Effects of shark’s TIMP-3 on inhibition proMMP-2 activation in
HT1080 cells and shark’s MT3-MMP on activation of proMMP-2 in NIH
3T3 cells. The culture media were harvested and concentrated. And then,
conditioned media were subjected to gelatin-based electrophoresis and the
gel was stained with Coommasie brilliant blue. Arrows indicate 72 kDa
type IV collagenase (proMMP-2), and 62 kDa activated form of 72 kDa
type IV collagenase (active MMP-2), respectively.
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Ll Ao} TIMP-3ofl &3t HIUT MR FA] 24}

Adol TIMP-39] EHUIAHE FAo] tiyt F3& 2ASE7] $13] HT10803} mock, /o]
TIMP-3 transfectant®] conditioned mediaE %&3t t}2, DM EQ HUIECH F& A
2lsle] O FAZEE ZABIYCh Fig. 27614 Ei uie} o] o] TIMP-3= FAAMEY
ZAjol 3ol mAA| Q= o2 gk}

t}. In vitro invasion assay

ol TIMP-32] A& A% =Ast7] ¢j3] HT10803} mock, “4to] TIMP-3 transfectant?)
conditioned media& &3 thy, FHUIAMEQ HUVECH FF AzIstd in vitro
invasion assay= AlA|3}oit}t. 18A]7t & 343t Az}, Alo] TIMP-3 transfectant?] CCME
223 HUVEC MXEo|A invasiono] ufl-® ZtA¥e Healsiqlrt (Fig. 28). ET Ao
MT3-MMPS] ZEF2%=8 Beldly] $38] invasion w-Fo] <}gF NIH3T3AM|Eof transient
transfection A2l ¥, in vitro invasion assayS AlA|3t A3} Ato] MT3-MMP transfectant
7t 843 2 A& 5Y3& /AL A S BHACL (Fig. 29).

2}, Wounding migration assay

Apole] TIMP-30f o3 T F919] EME Halstel AES] o] Fol Bolsh HATS] BA
< A3fst=rtE ZAISH7] 18] HUVEC MZE o] &3t wounding migration assay& AA]5}H4]
t}. TIMP-3 transfectant®] CCMS *|a]%t HUVEC AM|XojlA{2] cell migrationo] Z4AIUS T
st} (Fig. 30).

n}. In vitro angiogenesis assay

HUVEC MXE A2 Z matri gel AollA] in vitro angiogenesis assayS AlA|3t Az},
TIMP-3 transfectant?] CCME X 2]&F HUVEC A XEofre] tubule Feje] o] HT10803}
mock transfectant®] CCM& A 2|3t HUVECO|AM Rt} wiEA maso 7t= AL #Tasdc}
(Fig. 31).



35000

30000 A

25000 -

20000 ~

*4 CMP

15000 -

10000 -

5000 ~

0 -

Control Mock sTIMP-3

Fig. 27. Effects of CM from shark’s TIMP-3 transfected HT1080 on the
proliferation of BAECs. Following the dispensation and stabilizing
incubation of 1x10° cells per well, 1mCi of methyl tritiated thymidine and
each CM was added.
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(A)

Control Mock sTIMP-3

(B)

120

100 A

40 4

Invaded cell number

20 A

Control Mock sTIMP-3

Fig. 28 . Effects of CCM from shark’s TIMP-3 transfected HT1080 on
the invasion of HUVECs. (A) Light microscopic examination of the
HUVECs treated with CCM (x400). (B) The number of invaded cells was
counted and mean values were determined under light microscopy (><'400).
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(A)

Mock MT3-MMP

(B)
120
100
80

60

40

Invaded cell number

20

Control Mock MT3-MMP

Fig. 29. Effects of shark’s MT3-MMP on the invasion in
NIiH 3T3 cells, non-invasive cells. (A) Light microscopic
examination of the transfected NIH 3T3 cells (x 400). (B) The
number of invaded cells was counted and mean values were
-determined under light microscopy ( x 400).
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(B)

120

Control Mock sTIMP-3

Fig. 30. Effects of CCM from shark’s TIMP-3 transfected HT1080 on
the migration of HUVECs. At the 90% confluency, the monolayers were
wounded with a razor blade. Wounded cells were rinsed with serum free
medium and then incubated with same amount of each CCM for 24h. The
number of HUVECs that moved beyond the reference line was counted.
(A) Light microscopic examination of the transfected HT1080 cells (x400).
(B) The number of migrated cells was counted and mean values were
determined under light microscopy (x400).

- 103 -



Contrl

Mock

sTIMP-3

Fig. 31. Effects of CCM from shark's TIMP-3
ransfected HT1080 on the tube formation of
HUVECs on Matrigel. HUVECs were plated on

Matrigel and cultured with M199 containing 5%
FBS and same amount of each CCM. The

formation of tubular structure was detected by
phase-contrast microscopy.

-104 -



v}, In vivo assay

1) Chorioallantoic membrane (CAM) assay

7}) TIMP-3 transfectant®] CCME ©]£3%t CAM assay

Ao} TIMP-32] ABA A 7|%-S in vivoollX] RASI7] $18te] Aufjoll A CAM assay§ 4
A5t &4 hRFLE coverslipRhtd CAMoll F2iA7]3 FHAAQ JA &7 Qlia
oln] ¢a] 3 Retinoic acid 1 ug/eggs %3 tIRTLE A3 F, Z}z}e] M 30 wg A
2ste] ula BESHGCE Fig. 32 oM R ulet Po| Aol TIVMP-38] CME A elgt CAMoll A
TIE coM A 2|3t caME T 25%8] ¥aAPE Al EZXT Vel S #Hdstgich

1}) Recombinant shark TIMP-3 fusion proteing ©]£3} CAM assay

HPAAE A2 RABH7] $13] CAM assayoll W QJFt recombinant shark TIMP-3 GST
fusion protein?} GST proteing Z}7] A akslod CAMo A 2]3lgtt. A8ke] Ato] TIMP-3 GST
fusion proteing AMzsiRle A, WPAMol 2 FBE Uthix ohlstdent 50 4
g/egg® A 2|A] 1005 @HPY AAAA}E BEsIACt (Fig. 33).

2) Human Alu sequence PCR-based CAM assay& ©|-&%F Ato] TIMP-3¢] 3}do], |HEF 2HE
o za}

1x105752] Hol3F <==}2] HT1080, empty vector trasnfected HT1080, 4Ato] TIMP-3
transfected HT1080 AM|X-E A 2§t CAMol|A genomic DNAE &e|3lgct. £z2|3t zZtzte] DNA
£ APste] 5322 DVAE 2O F 7 Alu sequence PCRS 435ttt Fig. 34014 UE}
Lt ute} zto] Ato] TIMP-3 transfected HT1080-& *] 2|3} CAMollA] 713t 2kl band intensity
& Uehigich & Ao} TIMP-3 transfected HT10809] Ho] & HE Fido] 7P W2 2o
2 3ciE o, ol Aol TIMP-371 8do], A& HJt USS A ARICL
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Control Retinoic acid

CCMof NIH3T3 CCMof Mock CCM of sTIMP-3

Anti-angiogenic activity of CCM from transfectant

Compounds (u[;?::g) Ti?]taé Ar:ll\(;l ;zz:,d % positive
Control 4 25
RA 1 4 75
NiH CCM 30 12 25
Mock CCM 30 12 25
sTIMP-3 CCM 30 10 50

Fig. 32. Anti-angiogenic effect of CCM from shark’s
TIMP-3 transfected NIH3T3 on CAM inhibition assay.
Fat emulsion (10%) was injected into chorioallantois to
make the vascular network clear. Control CAMs were
used to be treated with blank coverslips. Positive
responses were seen in the CAMs implanted with
coverslips loaded with R.A (1ug/egg).
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Control Retinoic

T

a
L

10 ug

cid

GST/sTIMP-3

GST 50 ug

50 ug

Anti-angiogenic activity of recombinant shark's TIMP-3 fusion protein

Dose Total No. tested N
Compounds (ug/eqq) in CAM assay % positive
Control 19 26
RA 1 9 100
GST protein 50 10 40
GST fused 2 14 36
shark TIMP-3

10 10 50

50 5 100

Fig. 33. Anti-angiogenic effect of recombinant shark's
TIMP-3 fusion protein on CAM inhibition assay. Fat
emulsion (10%) was injected into chorioallantois to make
the vascular network clear. Control CAMs were used to be
treated with blank coverslips.
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Fig. 34. Inhibition effects of invasiveness and
metastasis by shark TIMP-3 overexpression.
Control, Mock and sTIMP-3 transfected HT1080
cells were inoculated on CAMs at 5X10° cells
per CAM. After 3 days, genomic DNA was
isolated from lower CAMs and then used as
template of PCR amplification. Human B-actin
primers were used as control.

- 108 -



A 43 3 3

Wz, 2 d3eeA 533 o] TIMP-3 Aol MI3-MMP 3217 o] Hol} kol F
23 71%5S she MP-29] A £ZoN BE3t F=E A} FAz}, TIMP-3Y B¢
active MMP-22] o¥o] ¥A3] 743, MT3-MMPL] B¢+ active MP-27} 271H S E4¢
st et
FE3F Aol TIMP-32] 8 A AASE in vitro £F0|A in vitro invasion assay, in
vitro angiogenesis assay, wounding migration assay$%] oj AHES F£3Psle] AR
A5 Yelslgdon, in vivo -FolA CAM assay®} AlEo] F&¥ AE H<Ql human
Alu sequence PCR-based CAM assay & o]|-&3}o] Ato] TIMP-32] EHBA x| 4l 3o,
FEAES HUsidcoh. WES Aol MI3-MPe FEFV S HA3IY #3l in vitro
invasion assay& AAlsl VA3 &2 FE 5ol US WU ACH

2ol AFF uiE aoshd, o] TIMP-39] ¢ R/ Ao, MI3-MMPe] ¢ &
#AEY E3o] BAEE YUt whetr] o] TIMP-3= 3 E Aol 3 AU
& Azt YAMEe FAH HolE At FHAEEPA AR (anti-angiogenic
therapy)2] XtAt] YXE4To 2 ALEEo A 4 gt EZ Ao] MII-MMPE= Zello] AlF
A FEI A EHAUAFAAAE FY3t T S5 AP E LA 183
24 2Y (angiogenic therapy)®] dBOoR LY $ Y& ZHolth. |
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