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Summary

I. Project title

Screening and characterization of a highly efficient

anticoagulant factor,

[I. Objectives, Necessity

One of the best known of all bloodsucking animal is the
medicinal leech which achieved early notoriety in the history of
medicine. Being relatively large and closely associated with
medicine, H medicinalis has been by far the best studied. Today,
the use of leeches in plastic surgery is increased throughout the
world, Furthermore, leech has known that it contains various
protease inhibitors in body, and many researchers are interested
in these substances such as hirudin, bufrudin, hementin,
antistasin, calin, decorsin and destabilase. These protease
inhibitors have been known for serological, medical applications.

We have studied various protease inhibitors from Korean



leeches which were decreased drastically due to farming practice
of application of fertilizer and insecticides.

It was necessary for cultivation of leeches in laboratory
in order to obtain a sustainable supply in research. In China, the
native ecology is well preserved and there are over 50 species of
leeches. The present study is carried out a collaboration on the
production of bioactive substances from Ileeches with the
researchers in Tianjin Academy of Agricultural Sciences in China
(TAASC). We have established the methods of leech cultivation,
purification and characterization of protease inhibitors in both
institutions,

We have identified a number of bioactive substances that
are related to blood coagulation mecanisms from our own native

leeches as well as species in China.

II1I. Contents, Scope of Research

The followings were the scope of the past year,
1. Mutual investigations on the leech collection and
cultivation methods
2. Analysis of bleeding time and blood clotting time

3. Purification and characterization of thrombin inhibitor



from Korean native leech
4. Screening of thrombin inhibitory activity from Chinese
native leeches
5. Screening of trypsin, chymotrypsin and elastase
inhibitory activity from Chinese native leeches
The scope of first year research was limited to search for
anticoagulant factor from Korean and Chinese leeches and to
explore the methods of 1leech collections and cultivation to
Chinese 1leeches in Tianjin Crop Research Institute. We have
investigated the blood coagulation characteristics from species
which had never been examined previously. Screenings of inhibitory
activities against other proteases like trypsin, chymotrypsin and

elastase from Chinese leeches were also examined,

IV, Results

Thrombin i1inhibitory activity was identified from Korean
H nipponia, Screening from leech crude extracts resulted strong
thrombin inhibitory activities. Isolation and biochemical
characterization were performed by the methods of polyacrylamide
gel electrophoresis, mass spectrometry, amino acid composition,

sequence analysis, and thrombin inhibition kinetics, The



antithrombin agent was a polypeptide which has about 6900 Da
molecular weight and the amino acid composition is different from
other thrombin inhibitors.

Chinese researchers with collaboration of our research team
have collected leeches from various region in China and cultivated
at outdoor as well as indoors at TAASC,

A number of assayes for protease inhibitory activities from
chinese species also revealed that Whitmania pigra, W. edentula
and H  nipponia have antithrombotic actions and significant
activities against trypsin, chymotrypsin and elastase examined.

In the present study, we have found a number of protease
inhibitors that are small molecular mass of approximately 60 amino
acid residues in primary sequences without carbohydrate moiety.
These include thrombin inhibitor(hirudin), elastase inhibitor
(guamerin I and 1II), subtilisin and chymotrypsin inhibitor
(hirustasin). We have also found a larger molecular mass
inhibitors of over 15 kDa. These include factor Xa inhibitor of

antistasin and plasmin and trypsin inhibitor, bdellin-KL,.

V. Applications

1. It i1s possible to obtain many useful products from the

_10_



Chinese native leeches.

Genetic engineering of the isolated thrombin inhibitor
will be performed and recombinant inhibitor will be
produced in large quantities with the final goal of
application as a therapeutic agent.

From the results of hematological studies, it is shown
that the Korean blood sucking leech has anticoagulation

and platelet aggregation inhibiting activity.

.._11_



CONTENTS

1. Introduction ------—-—-—————--—————- - 14
2. Technical development situation --- 17
3. Procedure and results -------=-o-oocu—no- 21
1) Materials and methods ------ . 21
2) Results ---------------mu-—- 32
3) Conclusion and discussion --- - 5

4. Objective accomplishment and contribution 61

o. Application --------------- 62
6. References --------—-------------—- - 63
Appendix ----------------—-------- - 65

_12._



A1 A AE e - 14
A2 FUHY Jled 8% oo 17
A3 dFmdsd g W A3 - 21
A1 A AE A8 W Py s 21
A2 3 A" 23 32
A3 dAE L 2H - 55
Al 4 dFNEEE @8 E W U7 E --- 6l

A ATAUARY) BEAY e 62
A RIER oo 63
S - 65

_..13_.



|

ol vitht gepoA Als A= Q5 ARoj= X8 UL oA gt A
< 2= qlth. 782} olFolM & el S8 Av|e|Ql Hirudo medicinalis
+ 20004 @ FFE SEY HAE ol&3l EE&LE AEFHTE 1 Ay
ol AwzlE ol &3] =8 & Fol WAL ¢utE AAst= Flo] ¥E&
HASHE Zlolelal Wolx AREEZoL 3|8 Aol U dridrt &
U ol E2l= & 2o uhE F2Rgo| goty, 1841718 194710 Eo

&0 EAst= E2E& 52 FYst 8 §iE AASIAL platelet}
collagen H2 &S ANUYLEHN YFe U2 17 sF2FE v
C RS UTTHIL. Amst AL olgs BAE wRe] 25WUE A
TolHE AmeE 4% W AN £2oly NE FeF 9% BEHos »3
olt}t. ol®El o]lR-E Ane|dAl S8 E ufe] bleeding timeZ} clotting time
AelE Y EE&oF o|&st=y glo F83% &ulE ZH2ic)

ele-B o T e AFPAQ & o A &3 I}AHSF thrombin,
factor Xa &2 HE A1&st sF2HE o] Sig = AE WAst= &
g oH2-14]¢]l hirudin, bufrudin, hementin, antistasin, calin, decorsin,
destabilase, plasminogenso]| AHe|EF-EH Felso] AFEHII Qr} o|&EL
A7t sF2XE IE HHste A& F ¢ &olstA st 98E jith
Atgre] B9, AA Y Kol EA%t: thrombind Fe¥e] Azt 33
(platelet aggregation)z} T|E.Zl (fibrin) & FA4st=d o] FAHFHA o
g Stedl olgidt FAdEo]l in vitroiold Ame] M RefH
hirudino] 2|3l =37} Hcl. I 2ol d FHAY QIzp} IB]] F3f a4
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So| Amelo] Existe Hog adH ri2l.
Hirudin® 1 o de] ¢ald oA Amele] 3 &of Zzjshs

Yol g0l T WaY EENL BHS AAYLEH Wel 33 ojxHe] o
&S 37Tt Hirudind olu| Hirudo medicinalis Bh= FHAI Anje] Fo

ZHEH 22 WA W2 Alghd] Y TAFIHI, EF ofg Ho|H e
hirudin® Z2 F 2 vl FolA UAEAX Q. 28y P& A9
gk T X gel MAB=E S8 AYEER gA FAIR 8 &3 JAAE
ZESL QS Zo|BR ol r HWo| RAE I FAEe|d Her} alart

slutgl S "R o4 AR Azl 71 del AMEEHIA Q= gl
ARl =¥ Y thrombocytopaenia 2 Wl AlZ}3F F2h&o] Q= AoF o
S * Qlt}l. hirudino] | u}glel ulsf Hrtx] HHE 2
< To®l HsiA 29 =T U2 A4S ZA Qe Zola, X
HHSEE AHESIAE o, hirudind 3 &3 Ay 3 HY & F
s Uehtes 2 JFBALE wte=d o &3Folets Zolth. Alxjs
hirudin> 2o & EFHII AJstH 2183517 wwo], 3|Tle] 7-A
E antithrombin III (AT III) Z+& R.ZQAx}7} R s}A] oo} ) &Y
ol H¥ES A Est=d "X mapFolct. o2’k hiruding] HHEol &)

OS2 hirudino|Lt I wEA8] &|¥foe] 8o XFH Zlo|r), e} o

B =l MASH=E 53 Anjg] FollA BArE = Heoln zh ghazle] of
=it A G2 O ol AMZ Aol el FAX} A zFley] oJs] BarH A
= ®7go] IA| ZH4ABlo] o} heparin th4l &ef8 o2 ALRsI7[o] ZH A G0l
T53 FHololA ANEE FHYSA Y o] HestgTh.

< AFdM= ¥4 Ave| Honipponiadl $]E-8& 02X §& I
d= HotE7] |3l o] AR ¥ A ZFE B 18 bleeding timeZ}

clotting timeS YolH 3 o|E tlE A g|FEel M decorda, H medicinalis
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A 2 & U2l 7= o3

Mo LHBFE AYIE RELE o] &3] Hom Has
ACIClE ALE A5 F8 BUE Bol AAsked AAS clhtols) gl
welo] WFolth. of F 713 Wol w2 o] P
SFAQ! hirudin® B @Az M A ZIR|A A hirudinof] thit A7} 13

gt A Fd Eet ARg VUASIAZAL hiruding $EF
M AMEE A7IE DA HoAdesd 2 olie A Bty WA uhE
A W2 hiruding ThEold 4 Q7] wiEollrt. [3]
Hirudin& 65 7§2&] olujxAl 7 kDa A x| 2L Fxzl8k8 7zt 9l o
HA EgHle] oigt vl AR SoldE L BAHYAIE Yehdn, pico
mole, & fento mole FEY W Ki $h& 23 Qo] &FA #H A#, &
5] @‘?l? -tf?‘i AR ARAE F5& WolTt

AEHZE hirudin®] AL AF3S W table 1¢]] LlE}E vl Zio]

237001 Amel7} hiruding 23 Qths Able] 7N F2] e A o

&t H-ofo]| &Ro| XU T, Hirudo medicinalistl= AHug|of 3t HL A
o] EAUTIE A E dorliFE= o8 A"l hiruding] 2l A
dE 71& &5 <ol 4-F33tH4,5,6). hirudingte] 70 S K,
&3t 2T

I8
O
o
2
ofo
oo
o
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30,
Ol
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olo

g
2,

Jo N ¥ 12 H
a

)
Of

1300-1950 213t okl AmE|E ol &3t Al

1950-1955 hirudin®] <wele} TAZR L SHES T4

1955-1960 hirudin®] o} 23 oA 7] 2o thgt F

1960-1980 EEN Ao tfgt A7 @ hiruding o] ool AL
stz ¢33t AT 3

1980-1984 hirudin E|E mapping2} oot A H F4of tjigh
AT+E
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1984-1990 2| Z%t hirudin®g] 7 hirudin &% AHo| o3t o937
1990s hiruding] 7Ze} Wel-gmeixo] chat AT

: hirudin targeting

H|Xb 71332 &g Zele ofsE dHAE EFSIA

hirudin®] Z]2ZFQ1 Azpetzel dFe} ofz|s} Al AFE 3 e, O
=< °|2 AP EFE hirudino| A|&of o]4te] Q= A X R o] &
H 4 Qdriar ARRbstAAct [7-11]. EAHEEHY WA 4% ZTEEoly

tissue-type plasminogen activator(t-PA), QIE|HE 53} L2 ol k&9l

cloningo| o]|5¢o]Z& o] ule} hirudin®] IR 2} peptide mappingo] ti3lt HAlo]
woIX|7] AlASIAL, A= ©ed 1A F2E dohiAl HlTh [12,13).
198611 o] E hirudino] clonel . RIEo|X|HA ol A L3lA2] A

=2 F& HIEEA AdA JIXE EA EForh Pentapharm (Basle,

Switzerland) 3} Plantorgan (Bad Zwischenahn, Germany), Mitsui Toatsu
Chemicals (Tokyo), Farmitalia Carlo Erba (Milan, Italy). Merrel Dow
Research Institute (Cincinnati, OH), BioPharm (Hendy, U.K.) & 7|9

o] hirudina} H&E AL TZANEE £305l7 9O, CIBA-Geigy (Basle),

Hoechst (Frankfurt, Germany), BASF/Knoll (Ludwigshaven, Germany),

Transgene/Sanofi (Stras- bourg/Paris), Genentech (So. San Francisco,

CA), Biogen(Cambridge, MA) Z+r-& 7|dSE hirudin & HH A S| gt
3
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O|-+= hiruding] oln|Xx4t A& 63 =R tyrosined]] sulfate groupe] ==
52 ¢47] wliZolth. o] A FRl= A2 olmj4toE FAgE| o] 91U o)
0] point mutation, end-group modifications, post-transcriptional
change?} 7}-s3}t},

heparing 7} 2 A& HFL X ZTA-o|A] bleedingo| L}
thrombo- cytopaeniaZt-2 41zZ+%F H2h2o] 9lr} [15]. 28} hiruding &
Foaro| = =73t bleeding?] Z3Fo] iyl thrombolytic AL} UL
&, U5 bypass surgery Fof HAJFY Uo] BEEHE SHNSLE U=
o ©lE #A3}AFo|t}16,17,18]. Tissue plasminogen activator(t-PA) 2}
streptokinase—= X5 ¥]Hzlo] &l SFAIH blood clotE 35X gt o] &3t
B JA] A Rof SEEI|o= ofF Hgto] gth &, AES B3AF]7] 4
3 ALERE Fol 15% oA 25%8] HHo| T Fiof TIA] AEHATIAL dHA
CH19]. #MEGSE QA= hirudino] heparinol W3l ®I}Ho|2t= AtA
2 A Lo njr e A Q= EEnlo] heparin AT 111 X.C} hirudin
ol WA o ¥ YU 4 9y PREOT AZWCh hiruding] ETHE A
heparin& co-factor?l antithrombin [1I17} © Q3F ¥bH, hiruding EERI
21y 2gRri= Abdoltt. o &9,  heparing  ATIIIZF ZHoH
Disseminated Intravascular Coagulation (DIC)oll= AHLl &7} ¢ RidH
off hiruding ¥|3}o] 0.1 mg/kgl® 8A|ZF ZtH S E qhid DICER|Y| FoqFE
Az} &3t 22} fibrinogeno] AAr Al Zolti, 3| HE T
complexEo| AlgpXiti= R 3717} alc} [20].

FUAL 27t T2 NS AR A A7 BUe U
s} stth 7zt AAel MUY WA HeIA Fh AE AP BEFT ol
23 ABAL AUSHe ASE uje ujeryr Agoln dAAND fue
NEBASo] e HEHT D o WA el HE Aoz nE
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IS Y4582 HAEHAES /st JEE3I7IE oLt A& gL
g AFE = A7 FHSE Ane ASHI &= w2lE sta Al
o oju] AE-E 7}HE3Jl elastase inhibitor?l A EIZ} trypsin-plasmin
inhibitorqQl bdellin-KLE& H|&E3te] & A2} HFZE P R84 2] IR
thrombin inhibitorE& +-8|sled HA4=d Qlt). ol&8 &3] 7ls 58
=3 F5sh &4 WA FU 7Rl E5woE 3 =¥ 3
o= ESta =& A Aol vlasf ¥R]A] U= A2E 2Tt o]
°o% & uf 2% e AEA AR AR, 7177 FFHCEE oA o
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A 3 & dtidsd s 3 Ei

A 14 A9 A= 4 9

1. AR 9 Ao}

Aol AL&XE= An|e|(Hirudo nipponia)e VIFAHOFE ¢o| FZ
AR oA 2R3l XA BefAZE RAEHES AZEH AP AFSA A
ol A}SSIHA o8& 7} &latt. Bovine thrombin, 4-vinylpyridine

=& SigmaA} AEE AFE-SI¢T). Human thrombin, Chromozym TH,

endoproteinase Lys-C £} sequencing grade®] trypsin< Boeringer Manheim

oflA] 1S} t}. Sephadex G-75, G-200, DEAE-sepharose -2 Pharmicia LKB
Ate] AHEES AFE-S}9icT)t. Sep-Pak Cig cartridge®} Delta-Pak Cis reversed

phase HPLC column& Waters division of Milliporeol A f+{3s}lo] ARG &

o 1 8re] A|efE reagent gradeE AHE-SHITE

A48 UH
7t Al AR U AL

A¥o] B3t Anzls 2R & 22 7FE&E A3z A ¥
o

gith, Amel AP SHel Ty Yo A
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2| & oISt FHAUTH ot AmelE Amz| Jol HQ3Ft o]2o] HIH

0.63 mM NaCl, 0,0368g/liter : 0.07 mM CaClz 0.0078g/liter : 0,05
mM MgS04.7H20, 0.0123g/1liter : 0.05 mM KCI, 0.0037g/liter)o]] €311 & &
ZASHHA AFSSin, HALS AZith 8 A= 3E Hol® JlEREFE,

o|Z Tls8F Al A%E HX[L} 48] ¥|EF membraneo]] ol Hait)

17

L}. Hematological Study of Korean native leech H.nipponia

AR 2718 (0.35 - 0.372)¢) AmelE A 9 Wel 200) W}
o} 3] 20ch oizt W QMo Bof WE WA ol 1 Az
AbrEe] wold WE Th WA ¢ Avfels AAE Wojxm

FAef Al b F-o] FA zpo|& 2] 7| FHITE

1 o

v w7] e

(1) Bleeding Time &&

A g7t ¥ & vl W3 LA "HolA Lzt wfFE A F9lo 31T}
O olA ZeLteA] & wi7tx| 2] AlZto| bleeding timeo| 22 o|& F* 3t
C}. Control bleeding time2 13%]-8& LANCET [FEATHER, Feather Safty Razor

Co.., LTD, Medical Division, Japan]ol &3] &A% At}

(2) Coagulation parameters &3
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Ameld] 3 dAHEFH UL 31 FEE AYe|r) ojE o Wi g
ol wfF-E 1, 5, 10, 1565 Fol ZtZ o] unsiliconized slide glass$|oj
=3 ¥7} 2aFE=Y 71X Hele AlZE &gt [Munro et al.1991].
Control -+ £718bojlA| LANCET &% AAE o ¥ 7} S8 A]| 1w°] 7
3t Fofl AfFA mE A sl mHl FIALES SHSIATE FELes
¥[8 F Fy= A7l FAEHFE "olA U F ELIes I FIE
micropipette & AI&3lo] ZAS}e 3L, control E= A xf3] FH|Z A
£ o] Zeues 18 Ful& FHst] ARSI

(3) Platelet Aggregation Test

ool WA & slide glass of b EWsielth AXNEHE FLe 18

glass ¢|ol] EWdlod methanol B I ARSI 7] FollA & Ul F Giemsa &

N gelog 1087 QAstrh. WAt $HL o

Zhstod Tt

& Azl 221 8k2.2 thrombin (1 U/ml), collagen (1 ul/ml) £} ADP (10 pM)

2 Abgstel Adest 3E o MY F 183} 158 Fol FAUE NS A
B2 AHESto] HESICH

oL
2
gl
5,
E

0
Rad
oo
o
£
[-'.I

C}. Thrombin inhibitor?] e @ 54 &4 A4 ¢
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(1) Thrombin A Ao &A vy

Thrombin®g & BAE ZA3}7] £]3] microplate of] 50 nle] A& ¢}
0.1 unit/mle] EEH 50 pl& 2 o] 37ColA 5&E7F vrgA|F| 7)o
chromozym THE}+= 200 pM E-FH] specific substrated 100 pl A 7}s}xpn}x}
microplate reader® 405 nmollA A SIETE. A7t wlS FHT e HIE
grapho] L}ERLfo] linear rangedl| Q= ¢h& ©]&, antiBEFYl S A4bsl
S TH AApiruain/min = AAwp/min - AAs/min : AAp EFY] base value AA.;sample
absorbance). CT}S protease of tf3t A BEu|EQ] g4 A A4 3HAd
peptide-p-nitroanilidesl} peptide ester, azocasein®] & 4o &3t 7l=&
3 B ZAE SHYLEH dojHch 2} substrate®| 7 Edl=
p-nitroanilides®] %ol 405 nm, peptide ester?] 7ZLo]= 256 nm,
azocasein®| 73-F-oll+= 440 nmoj| M 8] SFHEE SEHOEZH AR ALt o E
=T, chymotrypsin®] A #AHE testd -5, JIHAE P4 FHE=
(SucPheNHNp )& AMR-3l31 42 &5F5 0.27 M, 7|38 =2E 4.32 sME
3to] 0.2 M TRA-HC1 bufferof Al BFEAlH, 405nmojj A 8] SHE=E FHA ST
Trypsin®] ZA-$= 7] E BzArgNHNpS o], ®H 48 =5E5 0.13uM, 7|&A &
55 0.38 sME 3l 2bg, SHREE SAIIATE AL AAAY EEE

Fo]ZTh

(2) Thrombin inhibitor &2
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(7}) Thrombin inhibitor &

HogloA e oY HolE FR| Wil #A Fdd g
= 2| tiEAIZ] F 0CoA ZA 2ol 500 m1e] 80%(v/v)2] cold acetoned]
T 1027 93 oA & Aol F9rt. Sodium chlorides % 0.5 ME
715t SHTEERIE FE3t3 THA] 7] trichloroacetic acidES 2|ZF (.2
E [718tA pH 3.02% 30olM 142t &t &3t 3R] U=
A7 7= el AFFolE A& F E= ©8S v 100 nl&] NaClz} TCA
7} EEo]2l= 80% cold acetonel® FE3IIGTE o] FEHEHo| 2uje
cold acetoned A 7}s}3L -10°Col| BIX|3le] shiRAIL X AHA] 7|7 AAES

M E-2]3}od cold acetone . Hlojull = TlA] 25 mM ammonium acetate buffer
pH 6.990] K&3A|ATE =x] o= x|AZ|E WHe|il cold ethanolo]l} cold

acetone S T g Tha AAAA SuiE Weuuct

Lh) A S2ntEddgsE o] &8 wE

Crude F+=Z2E5L 0.02 M acetate pH 6.9 #2800 T n|g| H33}IH

1.6 X 100 cm &] Sephadex G-75 ZHo] loading d}o gel filtrationE 3}
stadch <52 0.5 ml/min 28 1RSI 3t AFEII £2H oz
280nm of|M FHEE FSHSIAUTE €& F 4 TS EFY 94 84 S
Bl w2l "AHE St #Ado] LEld £¥EE Eol YMO3

[l

Ultrafiltration 2.8 %<2 3s}STl.
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(Th) oF o] A¥ $AE ol g WA Ee

=25 AlEF 2.5 X 20 cm &] DEAE-Sepharose ZFH(0.02 M acetate
buffer pH 6.9)¢} loadings}ed 0 - 1.0 M NaCl =282 &F3t4c A
& Hol= &8 & RBol Tty HsA|Zith

3t a=2ntEay dHEE 7] $slA SigmaoA F+UZE bovine
EERE FFHgol FAst o7lel 1 mM HCIR FE3] BlolE
C\Br-SepharosesS 4&lo] 16&]17F o]Ar 4ToA ¥FEE A|Z|H thrombin-
Sepharose”} "bEo] it} o] 7]&E& 0.1M acetate buffer pH4.0 2} 0. 1M
Tris-Cl pH 8.02.% wHZiol 7pHA AMHA T Hlojsedrt. 2 F Thrombin-
sepharose affinity 7]&2 1 X 10 cm®] Z ol packingdtil 0.1 M Tris/HCI

buffer pH 8. 0058 H3 3} Azon BEHOF FHeg|H fractiong ©] buffer
500 ul off &5¢Q1 ¥ Z#Hol loading 3tith. ZHE o] buffer® Hojufz, Z
3lx] Ex1E (0.1 M 4-aminobenzamidine/25aM HC1E ££319tt. 3-4 ZLAE F 3
¢] fractionS X0} Sephadex G-25 coarse Z AZDEIHY] HHOE salt

2 AAsln SAAZAAL}

(u}) 385 A ZE2ntEILYTE o] &3 £

.,_.26_



SAARZ ARE tiA] 50 pld] 0.1% TFAS] 5l F- ARE H4 Ci
Aol loadingdto] oje] 7pA] f{7]-&ulf A &RloM Eel& A =3T3
7} 0 % - 60 % acetonitrile, 0.09% TFA 8] - E=FH|E 8 ZF3le] EEN
g4 S SAst= Zola, A= G HHollA 30 % - 50 % HkhE T
|ujE &&st= Zojth &3 ¥ EFN VAHE e 2¥HES IFUXT
o 0 % - 50| EFE-/50%XLE XS, 0.1 % TFA BujE 2| AZulE

KRATOS Analytical A}e] KOMPACT MALDI I1I & o|£3lo] Matrix
Associated Laser Desorption Ionization (MALDI) B o8 o4 F2|8l
thrombin inhibitore] A#& B r) pjlEYAZE= a-cyano-4-hydroxy-
cinnamic acid(CyoH/NOs) IEi= sinapinic acid & AF&3staich 23 AZXH
thrombin inhibitor& HPLC grade water 5 ul o] ®oy 1 & 1 ul =
Stainless Probe o] loading 3}3., njlE&lA} A2 X wlSESh HiglO§ AR
£ w3t AlRe] A7t Euyil, MALDI & o|&, &

= =St

(A}) SDS-PAGE ¢} Electroblotting

k(1
it
|
M
N
ot
llo
N
o
o
N
i
3
'
-
b

2|8t thrombin inhibitor® <
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g ol 3T o] e
Zhe T o} EeElel=E AIFEstolN HA Lal7} 7}

K=
—
£ W3 whyolt}. SDS-Tricine PAGE ¥ electroblottingS 43314

Tricine Polyacrylamide Gel Electorphoresis =}

*
C}. ®HZ PVDF membraneS 100% methanol® o] n|g] transfer buffero]] Tt
o] £33, Gel& PVDF7} &¢{2l+= blotting apparatuso] 7]9] Y3l transfer
bufferoflA] 0.5 AZ 10F0A] 30&8%<¢t electoelutiond}sit}. PVDF membrane
2 2%} =H o 557 B 0.1% Coomassie Blue R-250, 50 % methanolo]] 5
=72t &2 & 50 % methanol, 10 % acetate o] 504 10 %¢t destaind}
o3

C}. Membrane u}zx|wto g 2x} 2ELo) 587 ¥ 7|2 Uy -20C

oF 1.5 pg?] reduced, S-pyridylethylated proteingd 6 M HCl of A
24X 5} 110CE 7|3HdefollA 713t Zheo3lidt F PITCE HolA=

DHE & HPLC oA olm|i:Al B SaislgiT),
(Z}) N-terminal ofuo|XxAt A d 4

PVDF membrane ¢]] bandZ U}ElE w2l 8 He T T #Hijo] Teflon
seal 2 HFA1& ubx7 sequenator?] cartridge blocke]] # &d=9it}.
\~terminal o}n|XxAt A EL 0.1 - 0.5 nmol®] Th¥ 28 Applied Biosystems
gas-phase sequencer®] applyd}e] PTH amino acid derivativesS w43}l

oo} 2 Whiow FA4¥ opnkAt viEE& B]XLSIGTE ofm|ik=qte] A Eo

..28_.



A EH ojo] ad#RA oy 7}A] hirudin ¥Ho]3 (Transgene HV2:gene
synthesis, Tolstoshev P et al, Transgene HV2: modified, by gene
synthesis, Tolstoshev et al, Hirudin PA:Dodt et al, natural,
Hirudin:Petersen et al, Dodt, Natural Hirudin:Brauer D et al)&] o}u] A}
ez} ulmstel shaAe] 13} T2 SAES ZAEET, olagt Wo|gEe]
HE L7t 2o 7t L= olwE otk Sttt

(x}) W ofn| At A FHA

Trypsing& o]-&3F Avxt W (PAGE o|-F gel ufjoljA AHxt)
SDS-Tricine PAGE o}%-of] et A& fixing TIA|Q ol Coomassie Brilliant Blue

R-2500. 2 gAY uwhR pand & ZHehlo] 50 acetonitrile/200 mM

X

=
ammonium carbonate, pH 8.9 & 150 l @& F 30T oA 2057 1 A&
o] A semidry 3JIE=F WX|FFETHF 10F3t). 27 vl 0.02% Tween 20 O]
Eojelx= 200 mM ammonium carbonate, pH 8.9 & 5 ul A% gel of =t
Al7]31 250 pg/ml & %% 200 mM ammonium carbonate, pH 8.9 &-<jof o}
Q= trypsin -£4E 2 ul ISt trypsin &0 S o ammonium
carbonate 38N 5 ul 4 gel I7|7} JAQElE HEEH oj7ix] H71s1Ad
T}, Gel ZZ+-& Eppendorf tube of @il rehydration (ammonium carbonate)-&
NS ge]l o] Tl A wizir] FAZre] Ryl H7)stedct. Digestion BHE-E
30C oA overnight 43835}3, <¢F 1.5 ul 8] trifluorocacetic acid & F7}
sfof whg-g A AZTh WS
.1 % trifluoroacetic acid 22§ 100 pl & 30 T oA & ZSHA FTH vl

0
B3t F&storh. $29g BF Roly UF AZstel 20 ul 7 B34

o] Byt ¥, HEloJ=F 60 % acetonitrile,




X

ZAtt WElo|EEE 0.1 trifluoroacetic acid, acetonitrile & 1u|Z
0.3 ml/min & 5L Cs G4 HPLC oA 2|3ttt de|al olm|i=4il A

d £4& 7} peak mjTh £stAT},

(7}) Thrombin inhibitor®] kinetic parameter &3&

+—¢|®  thrombin  inhibitor®]  dissociation  constant(K;)2}

association rate constant(k;)&] 4} $40|& %o migl 22 t}E &

2] thrombin inhibitor®] Z&xjd}o)] EENIY 7|3 E3|E =AY progress
curve datag A1, ZAASIYC). thrombin inhibitord] %= AES K IS
A7) 2|8 5uf o|Are] =% W T AHAASII, kinetic parameter(k; 2} K;-)=
progress curve data?] H|AE I3 FTAHOT Lot B FA ZZASHAIA,
e A k2 I, KZhE ThE AlolA Foln BATEE Axrs it

Ki = Ki /(1 + S/Kp) ¢ S= 7]& =5, K= 7|38 Michaelis Arg=oltC}.

el. 54t An{Z| 25 o7 dd a4 oA BEE A

F1 Aol o}d F BRI AU Hololxl 4yl wiEo] WA B
5| 259 4 o FES
NEse] g dirh o]5g o WA Ta ox WAL HFs)

2|3 microplate ©f 50 pl& AlFELt 17000 U/ml  trypsin, 50 U/ml

L=l 4 2+E 50 M Tris-Cl & homogenization o

chymotrypsin, 100 U/ml elastase 15 pul& Zizbt A5 2z+zEol (0.1 % azocasein

S 500 ul Hrlstod 37CTolA 5023 vE&AIZl F 15 % TCA 500 ulE doi 4

._30_



enzyme, azocaseini}t TCAE 7| do] HER

Thrombin HA| A& 3-19f] A ZE v 3}

_31_
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A2 A HdE 44

1. Hematological study of Korean native leech,

H.nipponia

o“—ﬂL 0.36 89’] '1?“7']])
FoiTh el el 7}
3l A ezt ¥

o
S 33 Fol ZUI3 BRALE Hd 5941174 % gl ojRE §F Aue

H. nipponia « H|al? A& ¥ Fuoje|o|t} (%
=70 Yeles BEE AnEe sFEFEH IE BT A2

¥ & v o dels A 64114 E(BF £ EFHAL

E’

gt Fers B, oAt Amel M decora & 75! 68126 32 58*+19 %

of Hl3hE T Z2AQ wo| MAE st Qrhe A o = glelrh. Awnia

7 o2 4218 Fol A7 1 m of THhEA X7 AAW A )

AUl T 2104142 B St WA ¢olh ol

o] Bl = control ¢ Z$¢l 6.0%2.6 & of u]ad uw, Anjz| R Aut

o g3 ox] Bho| EAUTIE g BAY 4 ok Anjel A
-+

10 yl/min o} 5L, control &] 73

i
(Z
{4
=2,
o
R
M
-
qQ
o

1/min ¢iT}. Table 1S Z}Z} TS Aunje] 2 XEH SAH &

N 23 B GolHE Hol&T)

7}. Blood coagulation
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HAHe| 7t 9E o} W W F 1, 5 10, 58 Fo HA 231 A7t
S5ttt Anelo &3 A A EZRE S o guE

gt IoflX = AstAl JAE L A Zto] Aol utel H x| A=

Ch 16 & Fole= 89 &3 A|Zto] control 3} AEE Fo]E%rT} (Table

2).

L}. Platelet aggregation

Aufelo] ols] FeLtor el 4o WANE W} o B2 ¢ ¥
157°] X w7tz = SR E R ¢t=cr}. Thrombin, ADP, collagenol 2&]3] &
£S5t UL Azt WolAn ¢ F 18 5 227 Gl dojuA]

oLt 158 Foll A28 Wlol A FaT} Ho] Yoly

-F'

cl.

2. Thrombin inhibitor?] 2] U EA FA Ald

7). A ele] Crude Extracto]d child H3) &4 4o BH =

S8F2 7% ESHl inhibitor o] 7}stA UElW T, elastase
inhibitore AT A 7I31A A=t} Thrombin inhibitore] A &H L

chromozym THE2}+= chromogenic substrateE ©|-&3lo] EFRlo] &3] E3lE = &S

ELISA reader(Emax, Molecular Dynamics)ol|A] A3} 1, elastase inhibitore] =

== azocaseing substrateT ARE-S}o], elastaseo] &3] E-3lxl= azocasein®

products Spectrophotometer& o|-8 ZAsIECHFig. 1).
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L}. Thrombin inhibitor?] g

(1) Thrombin =] FAe] =&

A2 w2 me| 2 173 F=E Hehlo] (18.5g) 80% 484 ofu|Eoj A
homogenizeZt F 0.5 M NaCl 2} 0.3 M TCAE A 7}3lo pH 3.0X =R 308E7F &34
ch WATE ASFolol Aa th W 9 FAE WHsier) o] 5 BES shy
2 o} oj7]o] 100% OLME(-10T) & 160 ul H7bsted WURS AHAID QAR

SI71% 16w ¢ YA’ ¥ AAEE st

Total Crude Extract®] ©F : 1.82 g

1.82g0l 6 ml&] acetate bufferd] suspend }4iC}.

\oltexE ZF A2

o
.
-
-
-
P

0Q

oA 102t HHTelsto] 85| =x] Us E¢&

A 2] crude extractsE 20 mM ammonium acetate pH 6.87% njz] FH& 3}
%]l DEAE-Sepharose CL-6B (2 x 20 cm)ol loadingd}dit}. ZE HELAO "
&=92] 0.D. 254nm 7} 0.1 ©}3t7} € wiz}r] Blojd F, F=7uE 0 M - 1 MY
\aCl Z3lo] B&stqct (Fig. 2). 2 Z3} 0.3 M NaCl FE 0.55 M NaCl o] &
SEAtolo M EFRIE AAI3te ol §&Hths AE ¢ + At o]XE g2
THANA EFH AA o] UEltE olf= ol HEs] o 4 ¢la, A3A
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) 2ol B ¥ whA B4 gohh uhiok 4ol shed Both % 90

p] 2] A 28-S YMO3 membraned ©]&38}o] ultrafiltration®®E 5 ml 7HA] =

ol A¥ £X|2HE d2 B £¥E 25 mM ammonium acetate buffer

9) & B3 3IH Sephadex G-75 (medium, 1.6 x 73 cm) Ho|| A 7)o u}e} &
el T83%s 2 AZRniEINgE $Y5I%TE 752 0.5 nl/nin 28 IR
3, = F 4 oHo ozt EFY 9 8BS SIS tHFig. 3). EEESE U
Ehle w382 % 60 ml o|Ztt o]& TiA| YMO3 membranel® R4 J|AHE

ultrafiltrationd}o] 5 ml 7}X| =3}9itT}

(4) Thrombin-Sepharose %%} A En}E 7|1

E EY1-& CNBr-Sepharose ol AUA|#AH 0.6 x 5 cm = Ao packing 3}
oATF (Fig. 4). o] ZYE 0.1 M Tris pH 8.0 £ & ulg] HFEFA|F]|L &7]8) 5 ml
o) AEE loading ¥ Fol & BHEUo] 0.5 M NaClo] H7H PEEAoz
0.D.254a 7} 0.05 ©]3}7} & w7} HojFgct. 1 Fo 0.1 M glycine-HCI (pH
2.75) % TtAIR &&WHHO=E 3-4 column volume?] HI|E £&3 BEF 13 ml &
2ottt o] AR E Speed-Vacl.® =3}3 Sephadex G-25 ZY O T saltE A A3}

%Ch o] A®E Sep-Pack (Millipore) &% saltE& A|ASII Tir] 2F ARSI

=2
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(5) High Performance Liquid Chromatography(HPLC)

MES °la 7 50 uloll = Cg g4 "HyYo] & HPLCY| loading
St 20 % - 30% acetonitrile/ 0.1 % TFA & =2 FujZ 11027t Ee]3tact (Fig.
5). Zt 2¥eo] YMHEE ZAISETH retention timel 2 30 HoA 65 E7tA] L}
< RBRE EYAA HMHEEE LVIER A, acetonitriled] H5F KM 21 EEE
24% oo &g thizlo] BT L2EF|Qtt Holx 3748 peakolld] BHEE Ho
Ztzto] thgt Fo] wWed A Zcrl EI g FH whzo] HPLC profiled) A

0% Ry EEY o ¥4 BYES BT Hol 13 A2 wHos =3

(6) SDS Tricine PAGE

ol elshe wAmch WHel Qb BUES Rol 16, 3
SDS-Tricine polyacrylamide gel A 7|¥%L 3t A3}, Fig. 6 2t & HAIUE dd
Ct, o] A} opxj2t ©hA|¢el HPLC ThAO|A +&438t 12kDa 2] thrombin inhibitorZ}

1]
+o|HE ¢ 4+ 29rt. o] thrombin inhibitor?] pl IS isoelectric focusing &

= & 3.75 FXe pl kol dofzith AA hirudin ¥Ho|F & pI
U= ole} FAIRE 3.6 - 4.2 AEE EEFo] 9t}

T3] Yol uiz
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12 Ze|gElo| =8 7 £4Ald Aao] #

Hir
rlo
o
H1
2
2
i
ah
>
_?I_:‘
=2,
gl
4

o I E-YAE v} I dilution rated UM

)
7l Aers FEAMstgdct. 3 A3} thrombin inhibitord] 2k 6968 Da & ZH 0]

Elolom of 60of7]8] oim|iite B E|oQle The/dol ATt (Fig.7).

22]¥ thrombin inhibitor& 7tgwsligt ¥ WHolANE ThEo] HPLC oA &

Astoict, 1 A} glycineZ} alanine®] olu|:AbS A|ejsty WS F-< hirudin?}

bl

LA st 2 & LIERYET} (Table 4).

(9) Kinetic Data =4

EER ox] AL bovine thrombin 2} Chromozym TH & ARR3tod &% 35}

Tight-Binding Inhibition
vy= (v,/2l TIDH(K; +al T = [ TWD* + 4K L Ty} 2 — (K + al T — [ T4])]

vo : inhibitorZ} &23}1®] & wfg EFH WESE, [T @ HA EE
Rl &%, n : inhibitor®] &2 =4& k= YA [T] ¢ inhibitore| &

% and K;  apparent inhibition constant ©|C},
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24 Haatele] gL wE ool Ao] s uAY HrEHoE ATt

Slow, Tight-Binding Inhibition

P=yvit+(v,—v)(d—e “N/k,,+a

P = AZb t oM A8 & vo,vs & ki © A4 R WIESSE, B

&G 18|53l apparent 1X} &

H1
0%
e
©°
a
D
(|
[
-
2
2,
2N
lfo
HL
o,

(10) Thrombin inhibitor oju|Xx UTH7|e] A F4

oF 200 pmole &] thrombin inhibitor & Applied Biosystem 476A protein

sequencer ¢} load 3}¢] automated Edman degradation BIH O E oln|:-At AHEE FE

43 Az okt e 2AE 9 £ Ut

EEECKDEEYCAGYLDIDCYESHIQKECCQK

FEEECKDEEYCAGYLDIDCYESHIQKECCQKCQAVAAKNPENCKYGEEDWCGEYK

_38_



mirudin @ VVYTDCTESGQNLCLCEGSNVCGQGNKCILGSDGEKNQCVTGEGTPKPQSHNDGDFEEIPE
EYLQ

P& . MRYTACTESGQONQCI CEGNDVCGQGRNCQFDSSGKKCVEGEGTRKPQNEGQHDEFDPI PEEY
LS

Femadin ¢ MESTKMEVVEVAVCICVTQSIRFGMGKVPCPDGEVGYTDCGEKICLYGQSCNDGQCSGDPK
PSSEFEEFEIDEEEK

“| r l ” B

EEECKDEEYCAGYLD | DCYESH | QKECCQKCQAVAAKNPENCKYGEEDWCGEYK

oA & 4 Uxo] o] AFEFE Y
2 o€} hirudin variant &t= T2} AL Eoldg £y} oJody oA 2L 7|zt
o

]
binding kinetics & &3}, FAIYE HoE F=H}

[-"N
ol o
—
=3
-
=
<.
)
S
=
O
—*
o
=3
ALS
O
—l—l
H
N
(2
X,
LA\

3. 34 A2y olg WA T oF BHE 24

Z=dA T8 Ae| Hirudo <0] th3dl] thrombin inhibitory activityE %
Atslf HOIGL] ZE3t o] EAEE ¢ 4 Ut} (Table. 6). I Yox

fhitmania pigra, W. edentula, H nipponia®t o}3 Zolx|z] ot Fof cfsl

_39_



trypsin, elastase, chymotrypsin GA| &XHE XAR| 2 Az, & oro] AHAnog]

TS ES & trypsin, chymotrypsin, elastaseol th3lt A A BHF F pigraZ}
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Table 1. Bleeding and the bleeding rate from the leech bite wounds.

- T T 2

H. nipponic-z M. decora H. medicinalis Control I” Control 2

(n=14) (n=18) (n=135) (n=18) (n=12)
Bleeding time ~ 210©142 73420 6000105  6.000.7  6.002.6
(min)
Range 65 - 540 21 -161 390 - 1380 3.5-8.5 3.0-9.5
Bleeding rate 391110 331410 2061195 30115 10113
(nl/min)

Values are given as means 1t SD. Data for M. decora and H. medicinalis are taken from Munro et al.
(1991).
" Subjects used for Munro ef al. (1991)

" Controls were the same subjects volunteered in this study
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Table 2. Blood coagulation of blood flowing from the leech bite wounds with time intervals.

e " "

~ Whole blood Time after the termination of feeding (r_n_in)
clotting time (min) 1 5 10 15 " Control
H. nipponia  12.913.1 75024 43018 28005 29006
H. medicinalis 9.0 3.5 4.0 2.5 2.5
M. decora 5.8 4.0 3.0 2.5 2.5

Values are givgn as mean. Values for H. medicinalis and M. decora are taken from Munro ef al. (1991},
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Table 3. Purification Step ©l W& specific activity

inhibitor |5, o e | Specthic | Total o
Step Activity (e /) Activity |Protein % (%)
(ATU/ml) 5 (ATU/mg) | (mg) °
B I =———.
Anion Exchange 150 0.34 1345 16& 100
Gel Filtration 1489.9 0.64 23969 13 97
Affinity 21 87 0.012 18225 051 3
Chromatography | | | | :
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Table 4. o}u|x=2F A A A3t 9 hirudine] ¥l
| , HV1 Thrombin Inhibitor
Amino Aciad
(H.medicinalis) (H. nipponia)

Cys 6 2. 069

Asp+Asn 10 11.19

Glu+Gln 11 11.15
Ser 4 4.25
Gly 10 0.22
His | 1 2.13
Arg i 0 1.48
Thr 5 3. 50
Ala 0 3. 88
Pro 3 3.99
Tyr 2 0. 60
Val | 2 3.65
Met i _ _
Ile 3 1.19
Leu 4 3.65
Phe | 1.11
Trp — ~
Lys 3 4.05

Total 65 ~ 62




Table 5. Kinetic Analysis

type of
. y.p o K;:" (pM) Kon' (X10° M's™) Korr (X107 s77)  K; (fM)
inhibition
tight binding 2.98*1.10 142 +52

slow binding 3.89+2.09° 1.51%*0.38 58 11.67 185+99

K: "=Kogs/ Kon
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Table 6. A Avg] 2259 o3} protease inhibitory activity assay

Inhibitory activity (Ir"/mg protein)

W.pigra W. edentula H. nipponia unknown
Thrombin N.D N.D 0.43 N.D
Trypsin 1.24 0.57 0.21 0.08
Chymotrypsin 0.41 0.20 0.20 0.03
Elastase 1.0 0.12 0.08 0.03

*Ire (1-A/A0)E A7)l A Aox controlo] 40 nmolM Ze FFEoln Aiv Anig

=S ¥ maae 71EAH veAIZAY FREolth

.
=5

___46__
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Thrombin assay

O.D. 405 nm

! (3, &%,
i ; -_!
; — i
o f. 0.1 u/ml |
T 0.0% Uil
t ' :
r C T 0O L/l [
* (3,12, ;

. T 0.0 il

0.0z wiml |
i b

(), o=, -
h : O nriank

| ()9 4

time{niin)

Figure 1. Thrombin Assay
Thrombin®l specific activityol] @2} ¢ 283 & profiled €2 T+ UAH
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0O.D. 254nnm

— Protein conc.
()
&
() 1
t']j ' -

0 10 1e 20 2% 30 3% 40 45 G0 5

Fraction number

Figure 2. DEAE~Sepharose Chromatography 2 3}
Crude extractE® 2x20 cm DEAE-Sepharose column®| developingd}

A3 Z thrombin inhibiting fraction& protein profile ©o}#] barZ %A}t H T



(.0, 254nm

Ty
e

T Prolein concg,

Fraction humber

Figure 3. Gel Filtration 23}

Anion exchange chromatography ©|% Sephadex G-75EZ gel filtration 3}
AME Ueld 2807 AA gctive §F BHEL o8} barE EAFFC
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| Q.D.254mm
: Q04 E—
Q03
0 02 f —~ Protein conc. ||
! |
G O1
O
O 2 4 € 8 10 12 14 16 18 20 22 24
Fraction number

Figure 4. Affinity Chromatography 23}
Thrombin-Sepharose® gel filtration 9|A] ¥& sampleS affinity chromato-

graphy ¢+ 1%, Blg A3 F&o] active $F B8 59|},
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C.ooo2annm Acetonitrle G

C
— —— EIO
~C

46

e

!
-
;
|
|
i
|
i
4

et rtien e (i)

Figure 5. Reverse phase HPLC 4%
C18 reverse phase column®. & oA X sampled #85tH . Active$t

HEo| WA 1A NEHE elution HYC
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A 34, d8 1 33

-2 U2tollM UAE= F8 Awe| Hirudo nipponiad] ERE ulf e
bleeding tines A7) FEAWEI ol Wo| NAPEL £ 4 YT o
bleeding time< Tl sources=ol &%} bleedingo] v|3)] 36wiut ©] ZAct E3IF A
nipponia2] whole blood clotting timeS Z3] Anmjg] X<&of 7} 3} anti-thrombin
2480 AUSE ¢ 4 A= AYeE|s E2 A Hoizl uig 2] Fo L §
37t ZY3] qA7 H=d vls] Ane|st "ol o F 15& Hol A3 g
< RE3 o] &% 2r}. Bleeding, coagulation timed Awg] £E5o] ulel A}
o]& Holtul olubE ol 2t Ame] o] ME ANl T Aue] Ho| )
st AZ CFE JEEe] t2s] gEd A Ptk dl§ Bol A nipponia AFo
1 mm¢! FAE W==u H|3} H medicinalise 3 m®] AAE WS H nipponia
o B & HES T ZARAL QAT 2 o Bojgls AHASS A
medicinalis®} TIET}, H nipponia & 3 WL AL Ao THAYeE
M. decora, H medicinalissXT} 7}83%lY| bleeding timeS H medicinalis BT}
2t ol Y Fil8 A 8= platelet} collagen’d T 2HE-& A3f3t A7|+=
bleeding®] X|H3} IAYSE Bt} Antithrombin activityZ} ¢glE=d=
bleedingo]| ZA|AE|= AL o] Awelo &3 AAe] plateleto] EEHE ZE W
83l the ol EXS Fiir

H nipponiad] &|}F ZAolld & F HYL Mdecorabth= Wil
H medicinalisB.th= 2Ar24Y|, M decora®t H, medicinalis®] B4 A7|7VH nipponia
Bct 6u) o] E A& L3lE wl H nipponia®] FHY-ZIL, P4 3 A
< AT AHE|EAE RROEANY §& THeES 7HHTia ¥ 4 Qlth

Y&t H nipponia ¥ thrombin inhibitor& A3 2|3t A3} t}E &
S=olXet FAISHAl thrombin inhibitor7}h el #FH USS dohfgld,
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o] g AdolA AAF A 2HEE 95% ol ¢=2 FE|siuiglc). o|x]
7| &) thE £ AneloA wWAE LS thrombin inhibitorSE Ee|3t BIANEH
Bl olAE F&¥o] AAHUL & 4 2R, ol FHE3lH FEA S +5

Ade 4 gt oldE &ML za uj2A fuld A K= H4AL
oS wl, FH&o] Jhe¥t WELE, £ Uet T8 AvzldE FE&H 4 At

I3 £2]ofJA 0.3 M NaCl - 0.55 M NaCl ex¢] W& Helo] AHAXA thrombin
A gdo] &&=t oA oful= 2pHAtefe] Q= thrombin inhibitori= o
el 7}x]& WHol|Folu} tF SUAMSS ZE3 9ALE C-terminus E2H-E] b &
a4 Fol o3l B s8] olnizite] Zre{Ltzt FEfS] thrombin inhibitor7} off %
of £zf3}t7] wiEol obdrst £&Hch TIE hirudin Ho|FES ERLZHH
thrombin inhibitor®] &x}8Fo] 6000 Da olA] 12 kDa Alo]o] 4l& Zolel & 7|
2o, A AZnE Y]y Ex}ZJ] sieved nv|g] A5} Sephadex G-75 (&
2] Hel : EXF 3000 - 70 kDa) & A&, o] WY& o]&3t iy %
< 3718 Aoy, MAES AAE 4 gl A AZnfREIIME o=
e F2 w¥Hol =7 thrombin inhibitor7} HEFSE=d, I the HEY
thrombin 3} AZntEIJHuj= EFHIY So|3Lg Aystes YA ES Teste
M 0 2 o] AlYe] ®4l5lgtt. EE8Ia} A3 thrombin inhibitord HI}E O
T &&st= WS NUsty] 3l V1R WHE ARESHSi=t], serine ThA &
a4 A IAAC 0.1 M 4-aminobenzoic acid €%E 25 mM HCIE 4 3}A]
7l Qo g L3 ulofl= desalting o] A7} 1%L, 0.1 M glycine-HCl, pH
2.8% &Y uo= 1 thy @A HPLC o]F olu|X4it RAJTA{ oL} N-terminal
ofu| At ME FEAof glycineo] Wol Ueht= Z¥o] glo] FeJA] 0.1 M citric
acid, pH 2.98 &3ttt 94 HPLCE o|-&%t & WAldA A% H Cs H
g olgstol Helsts AL Otk £ ANE A Rstgth G4 HC & AS
Cs AHPS A1&3l= Aol f £2 £el5S H43, §ulE A8 F/FE upPo{ 7y




Zlo}E Azl 0.1% TFA/acetonitrile A= YA HHAA LFFo t}E b

Wi 212} A ojL}e3l, sodium phosphate, pH7.0/acetonitrile & 7F-F-ofl= &E|&9]

rulo

2| oot HERES &ulE AHEYE o, acetonitrile & FFHTI= £2 €
gleS HAXT ALA YA A §&F e TS AeRA dodrt. A o
X} HPLCE 4313 Aol 50% n-propanol + 50% methanol = ©o]-£%} ternary
gradient HPLC ®Ho] B& A UE o 4 ot o|gA &ulo we} o}E &
= COFALE Hol= o|f= olnlx o] thrombin inhibitor®] 83 A Ao] Kunjof u}
g} So|517] Q] ReE oAz}
SDS-Tricine PAGE E8-E] 22|¥ thrombin inhibitore] 2% ¢ 12 kbDa &
ZUS o 47 ek 22y HE} hirudin We|B e FHF, B 605718 ofn]
X=4te]l 6000-7000 Da FEHo] WA ol uf-P TS AAE AAFCE Loy =}
AAYef L] hirudin®] 73-% SDS-PAGE AlofA] EA& 75, <F 13000 Da AEL] +A}
wo] e = ueluta, ke S o Y BRI S &stH TR
9.1 - 16.0 kDa &} Zto] ZAHrI= By} 9l7] wfBo] oL A3 Exjg 24
el 7T AFEY SR S WHLEE J|RAYAY AE AFgEHA

8] Matrix assisted Laser Desorption lonization (MALDI) & o|&3}lg o, &
+2|%} thrombin inhibitor®] A= AZFE [Mi]+ Feld] o|SE& HEULEH F7%
sttt I A tie e 5YAY Fele dehbA] ddal, HA RS
6967.98 Dal. B A E|gct. MALDIE o]-&3F F-x}aF F-AA| o] thrombin inhibitor
o) signalo] 2 AZEA Yt AVE Ry, £ o] LFoIYE Aol
9 Bolsy] RO Holx, WEYA ¥xol & 4Ey] wRe] ohdst AbE
Tk EY o] glycosylation Ho{9E Z-Follx ¥ Tigo] Uehted,
Hirudinaria manillensisolX  WZAEOX|=  hirudin HWHO|HESE o|XH
glycosylation Eo] gitta &d&alct o] ¥ glycoprotein & negative LDI mass
sHEAA U B ASTE 4ho] 9] el of APS +uY WaHo
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Tt o AZict, AlA] R&ro] 6968 Da AEepH ©| thrombin inhibitor= ¢€F 62
B EL] olnx4hE Zt5 glgdrh.
4= E2|%t thrombin inhibitor®] olmxAl RXAE EA4%F A rE
hirudin ¥Ho|A|&} glycine 3} arginine, alanine o] 9lo] X}o|7} Qltie AL &
T 92lth.  AFol= N-terminal ofu|iit ME 42 FHAUSHA o Folx|2| ¢l
t}. Trypsin® 2 thrombin inhibitorE& PAGE AtojA el FHE wtSo] FAWE
HPLC & #4%F A2 ¢f I/} FEY ARl FHE0| FE H&HAUL ASHY 4
S A E3}4 . ©] thrombin inhibitor: 2] A NA trypsin inhibitor2} A&
AR FEHEE FdAS ZIL e T OASSIN ZEE A ZEFC)
thrombin ¥} A ZnlETeu|e} §% HPLC oA AE uixlo] £2[EH3t} o}
njl UG ME T4 A A=ste dxFo® 30718 olum|iit AEES 4
sttt o] MEE homology ¥4 AE3ig=u], U ZAid:s 7|£8 thrombin
inhibitor&le Aol AL e ZLE Uelyrh AlSsiA £2|¥ thrombin
inhibitorE reduction, alkylation &} trypsin 28 X}E F I AHEE HPLC
DollM 2elstal, Z4ZhE olulk Wht ME A& 435It 1 A3 o[ Y
< 30 7}&] olmi=it MEX overlapping X HHE Hohd ¢ UL, AUPFHS
T 54704 otm|:=Ait MEE FA43 W 4 glgtt. o|g¥t 54718 olm|kil MEE
I A] oJE} thrombin inhibitor%} homologyES Ztoldl 4+ ¢ld=v], whHAL] 3} A
Q1 hydrophobicity profile & B34S wioll= o ofml Wkt Fwo] TIE
hirudin variant & vA}Siches AMLE dohigict, olgdt A2 o 72| ofn
it o] EANRITEaL slhetx: 11 opn|iA4t Ao FARRE Fp 3 ghyzle 7
AR SHAM AR 7|3 £ ¢ UAE Holele £+5& 7HssiAl it
Hol| F2|8te] #4438t thrombin inhibitore] Z-$o% oln} o]gist Zfd AL
2 d&sed, & o 7A3Q 478 S Zus=olo # ot &, hirudin
antibody off &%t activity Z4A7F dojup=x], L antibody o &JE|A]

od



detection ©| XE+=X|, NMR ©o]L} X-ray crystallography, &< CD T2 &4 =3l
7 3 R7} hirudin variant &b §A}3Ix], 2|3 thrombin of ZA3sh=d TG 3F}
ofm|:z4tZ HEX|o] QlEA|, fibrinogen o] ARSI #]A|7} hirudin 2} Z2H]|
8 A¥o| o|Fo| A uf, I A&E FBY 471 A& FHo|th

C-terminal o}a|xAt A E-& carboxypeptidaseS ©|-&35}o] ofuj=Al ¥HojA|
& A %= W Mass SpectrometryE o|-&3l A EE& A= WHES AHES}

gt Z24o] 7Fs3lA™, recombinant thrombin inhibitor® AE HE& ¢

&,
[

—+(venous thrombosis, disseminated microthrombosis model )& &3l in vivo oA
antithrombotic efficacyE& Wold & 3lcl, o|n] o]g|¥ A1 ELE AR hiruding] B
2ol A B AQ S, 3 A3} antithrombotic pharmaceutical £ hirudin®] 7F=AES H
F3l th,

2| A8l thrombin inhibitor #/d SHLEZFE Anje| 1njed <
70 unit ©}4+e] thrombin inhibitor7} X3Eo] AUSS ¢ 4+ AR, BiR|Y THA
Ql HPLC =¥ oA 2] thrombin inhibitor®] B/dZ Tt o] FEFH3| SHYE
e mlFoladr] wiEo FEHY specific activityg AMYE = gL Ha
6000 ATU/mg ©o]|Ake] A S vtehjoct Ha A £¢ thrombin X3} IAEnfED
gl Bolm Aol o) Lelol wzpHolLt o] AHMIA thrombin inhibitor
g Bajsioul glo] mgol Bavt Qlglth ol s} Aol AYEA AT &
Zso] Ue} 29 AN Aol 2Y-8E FRG HEe] Fojof gojuelt
ore 29 4 dgth I Y Az A2ulEeue A9 108 o4 AW A
fgol A Laslod AESIA Eoke 497} WAL, W AzaiEIdNE
AXA U3 HIZ 44 HPLC ZEE 4L BSOS specific activity ol H3
7 §AL 3|8 o5ES wolv AAE €2 7 AU U && el B
SAE 29 et 92 dolt o] 13} a=otEIey] FFE P Y ol

Cl.
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Z=4b A elo] thsl thrombin inhibitory activitysS XAHE A

2} H nipponiad] 1 HAo| H&EF o QO F olF ALKAQ Feldto ¥t
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Hematological Studies on the Bite of Hirudo nipponia.
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Abstract

Blood-sucking leech has a number of peptides in its saliva to overcome the host’s haemostatic
mechanisms. Hirudin is a representative peptide in leech saliva. The present study showed that a
Korean native leech, Hirudo nipponia has anticoagulation and antiaggregating activity which
causes prolonged bleeding time and clotting time. The bleeding time after a bite 1s 210 min on
the average and is longer than Macrobdella decora but shorter than Hirudo medicinalis. The
coagulation time of blood flowing from the leech bite is prolonged compared with that of control
bleeding time by the template device. It takes approximately 15 min of bleeding time for recovery
a normal coagulation state of blood. A single blood sucking increased the body weight of .
nipponia 1s 594%. Platelet smears also showed no aggregation after 15 min of blood tlowing, but

responded normally to thrombin, collagen and ADP.

Keywords: Hirudo nipponia; Leech; Bleeding; Coagulation; Hirudo medicinalis, Macrobdella

decora
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Introduction

Hirudo nipponia is the common blood sucking leech in south Korea(Hong ef al. 1993). The
leech grows to 10 cm and is taking blood meals through an incision. Leech bite of Hirudo
nipponia 1s known for prolonged bleeding as that of European leech, Hirudo medicinalis(Munro
et al. 1989). It is reported that anticoagulating factor plays a major role in clotting inhibition and
prolonged bleeding may be due to inhibition of platelet-collagen interaction(Manor ef al. 1991).
Platelet aggregation and fibrin formation of blood induced by thrombin 1s inhibited by hirudin in
vitro(Tam ef al. 1979) and Calin prevent collagen-mediated platelet adhesion/aggregation
(Munro et al. 1991). Prolonged bleeding time of H. medicinalis suggest that leech saliva contains
not only anticoagulation agents but also inhibitors of platelet aggregation (Orevi ef al. 1992).
During sucking and storage of blood in the leech crop, the anticoagulants and antiaggregants of
leech saliva prevent host’s blood from clotting. These agents not only help the leech to feed blood
as much as it can uptake without clogging, but also ensure the leech to ooze the water of ingested
blood through nephridia.

The leech have not been used for bleeding purpose of plastic and constructive surgery as in the
western countries(Wade et al. 1990, Rouholamin and Harris 1991). We have investigated the
bleeding time and clotting time from the wound of H. nipponia in human volunteers. The results

were compared with data for M. decora, and H. medicinalis.
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Materials and Methods

Leeches were collected from local ponds and cultured under laboratory conditions. Adult
leeches of similar size (0.35 - 0.37g) were applied to the forearm volar surface of healthy 11 male
and 3 female volunteers with 20 - 30 age. After feeding, the weight gain of leech and the duration

of feeding were measured. All experiments were performed at the laboratory conditions.

Bleeding Time

Leeches were fed sated and allowed to detach by themselves from forearms. The bleeding time
of the bite wound is measured a period from the leech detached to the blood stopped at the
wound. Control bleeding times were measured by disposable standard template device

(FEATHER, Feather Safety Razor Co., LTD, Medical Division, Japan).

Coagulation parameters

The blood samples flowing from leech bite wounds were collected at 1, 5, 10 and 15 min after
the termination of feeding and whole blood clotting times were measured on unsilicomzed slide
glass(Munro et al. 1991). Autologous ‘finger-prick’ controls were measured during the first
minute following skin puncture. Volumes of blood loss were measured by collecting free-flowing
blood from either the leech bite wounds or the puncture directly into precalibrated adjustable

micropipettes.
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Platelet Aggregation Test

Blood samples were centrifuged at 750 x g for 3 min and platelet rich plasma (supernatant)
were smeared on slide glass. Blood smears of blood flowing from the wounds were fixed in
methanol, air dried and stained for 10 min with Giemsa stain. Platelet aggregations were
observed by light microscopy.

Platelet aggregation responses to thrombin (1 U/mi), collagen (1 ul/ml) and ADP(10 uM) were

measured at 1 min and 15 min after the termination of feeding.

Results

H. nipponia is a rather small blood-sucking leech (mean weight=0.36g). All of the attached

leeches fed on human successfully. The duration of feeding was 64 X 14 min (mean = SD) and
the mean increase in body weight of leeches was 594 174 %, which are comparable to

70.5 38 min, 460 X253 % in H. medicinalis and 6826 min, 58 £19 % in M. decora,

respectively. After feeding, the size of bite was 1 mm in diameter. Bleeding from the leech bite

wound was prolonged for 210 1 142 min compared with control of 6.0 2.6 min. The mean
bleeding rate from leech bite wound during the first 3 min was 39 = 10 pl/min and the rate of

control for the same period was 10 £ 3 pl/min.
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Table 1 shows a comparison of bleeding characters of the leech wounds in different species.

Table 1. Bleeding and the bleeding rate from the leech bite wounds.

H. nipponia M. decora H. medicinalis Control I" Control 2"

(n=14) (n=18) (n=15) (n=18) (n=12)
Bleeding time
210X 142 73120 600X 105 6.0X0.7 6.0X2.6
(min)
Range 65 - 540 21 - 161 390 - 1380 3.5-8.5 3.0-95
Bleeding rate
39110 3310 206395 3015 103
(1l/min)

Values are given as means == SD. Data for M. decora and H. medicinalis are taken from Munro

et al. (1991).
" Subjects used for Munro ef al. (1991)

" Controls were the same subjects volunteered in this study

Blood Coagulation

Whole blood clotting times were measured at internals of 1, 5, 10 and 15 min following the
termination of feeding. Blood coagulation flowing from leech bite wounds was strongly inhibited
in blood up to 1 min of bleeding, and diminishing progressively with time. After 15 min, whole

blood clotting time reduced to the control value (Table 2).
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Table 2. Blood coagulation of blood flowing from the leech bite wounds with time internals.

Whole blood Time after the termination of feeding (min)
clotting time (min) | 5 10 15 Control
H. nipponia 129*X3.1 7.5%24 43X1.8 2.8E0.5 2.9X0.6
H. medicinalis 9.0 5.5 4.0 2.5 2.5
M. decora 5.8 4.0 3.0 2.5 2.5

Values are given as mean. Values for H. medicinalis and M. decora are taken from Munro et al.

(1991).

Platelet Aggregation

Platelets in blood flowing by the leech did not aggregate until 15 min after termination of
bleeding but the control blood showed clear platelet aggregation after 5 min of bleeding.
Thrombin, ADP and collagen induced aggregation were impaired in blood flowing at 1 min after

feeding, but aggregations were returned at the 15 min after bleeding.



Discussion

We have found that bleeding time by H. nipponia bite is prolonged as blood sucking leeches
from western countries. The bleeding time is 36 times longer than comparable bleeding by other
sources.

H. nipponia 1inhibited the coagulation of human blood by its saliva. Whole blood clotting time
shows H. nipponia has strong anti-thrombin activities in the saliva. The blood coagulation
activities were strong at a period of right after the termination of feeding, however, these are
recovered to their normal levels after 15 min. These are some differences among species in
bleeding and coagulation times. These variations may be related to the size of wound and
different components in leech saliva. H. nipponia makes only 1 mm wound in the skin compared
with 2-3 mm of H. medicinalis. Salivary components of H. nipponia have not been investigated,
but 1nhibitors in saliva might be different from H. medicinalis. Anticoagulation activity from the
bite of H. nipponia was strongest among three leech species. However, the bleeding time of H.
nipponia was less than that of H. medicinalis. The results may indicate that the inhibition of
blood clotting is independent from prolonged bleeding which is due to inhibition of platelet-
collagen interaction.

The prolonged bleeding in the absence of antithrombin activity implies the existence of other
components which may prevent platelet aggregation at the wound of H. nipponia bite. The total
loss of blood from the bite wound of H. nipponia was greater than that of M. decora but less than
that of . medicinalis. Because the mean weights of M. decora and H. medicinalis are, however,
about six times the weight of H. nipponia, anticoagulation and antiplatelet activities of H.

nipponia seem to be as potent as European leech.
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Isolation and Characterization of

Thrombin Specific Inhibitor from

H.nipponia

Seok Jin Hong, Dong Ryeong Kim and Ke Won Kang

Department of Biological Sciences, Korea Advanced

Institute of Science and Technology, 305-701, Taejon,

Rorea

Summary

Thrombin 1inhibitor from blood-sucking 1leech,
Hirudo nipponia, was purlfied by size-exclusion, 1lion-
exchange, affinity and high performance liquid
chromatography. Tricine-SDS-polyacrylamide gel
electrophoresis showed the molecular weight of the

polypeptide 1solated was about 10 kDa. The molecular
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mass oObtalned by mass spectrometry was 6968 Da which
was much less that from gel electrophoresis. The amino
acid composition of the purified thrombin inhibitor
showed a quite similarity compared to hirudin. The
hirudin-like inhibitor has the blocked N-terminal amino
acld and a pentapeptide sequence determined from the
inhibitor, Asp-Val-Pro-Gln-Pro, showed no corresponding

sequence from previously reported hirudin. This

inhibltor 1s heat and acid stable polypeptide and

denaturant such as urea and guanidine-HCl did not

i
——

affect 1ts inhibitory activity. The binding of isolated

inhibitor to thrombin 1s extremely tight, with an

inhibition constant, K; value of 142 fM.

Keywords : Hirudo nilpponia, thrombin inhibitor,

hirudin, purification

Abbreviations: HPLC, high performance liquid
chromatography; TFA, trifluoroacetic acid; HEPES, N-[2Z2-
hydroxyethyl]piperazine~-N'-[2-ethanesulfonic acid] ;

PAGE, polyacrylamide gel electrophoresis
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1. Introduction

Blood sucking animals are known to contain various
anticoagulant agents which 1s necessary to prevent the
clotting of blood during 1ngestion and digestion[l-5].
One of the well known species, leech has small peptides
in sallva to overcome the hosts haemostatic
mechanisms [6-9]. One of these small peptides, hirudin
acts as a anticoagulant by 1nhibiting thrombin which 1is

a key enzyme in blood clotting[l0-17]. In recent years,

anticoagulant activities have been purified by many

investigators[18-21] and cDNA cloning and exXpression 1in
mlicroorganlism have been succeeded (22, 23]. Hirudo

nipponia, a dominant hematophagous leech species 1n far

east Asia can be characterized by followling criteria;
1)Well developed three Jaws, but entirely 1lacking
salilivary paplllae, 2)a large number of tooth
projections like saw, 3)no medilian longitudinal furrow
on ventral surface of upper 1lip, 4)twenty two annuli
are present between bth eye and male genilitalia,

5)distictive reproductive organs with the anatomical
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examlnation, o) mature size does not exceed 7—8
centimeters, 7)34 segments wlith more than 100 annulzi,
and 8)five pailirs of eye within 20th anterior annuli.
This blood sucking species has been primary 1nterested
in 1nvestigation for pharmacological substances 1in

Asia. For preexperiment, screening of varlious
anticoagulant from H. nipponia resulted that hirudin-
like thrombin specific 1nhibitor plays a crucial role
1in anticoagulation. Hirudo nipponlia have also
trypsin/plasmin inhibiting activity. In this paper, we
present the hirudin-like thrombin specific 1nhibitor
isolated from  H. nipponia and  the biochemical

characteristics of it.

2. Materials and methods

Captured leeches in field was cultured 1n leech

culture tank. The tank was filled fresh water and fine

mud on bottom. Tank temperature 1s adequate at 20 -~
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25 C. Leeches were fed with porcine blood 1in the

feeding sac. Bovline «a-thrombin and natural hirudin

were from Boehringer Mannheim and Sigma. DEAE -
Sepharose, trypsin, chymotrysin, elastase and factor Xa
were from Sigma. Chromogenic substrate, Chromozym TH,

was purchased from Boehringer Mannheim. Sephadex G75

was from Pharmacia, Aquapore RP300 C8 column was from

Pierce. Other chemicals and buffers are of analytical

reagent grade.

2.1. Crude Extraction of thrombin inhibitor

Blood-sucking leeches were starved for 1 month and
leech heads - above the genital organ - were cut with
scissors. 600 ml of 80% aquaous acetone were added.
Leech heads were homogenized with biliohomogenizer
(Biospec Products Inc.). Extraction was carrlied out by

the addition of 0.5 M NaCl and 0.2 M trichloroacetic

acild(TCA) with continuous stirring for 30 min. The
debris and insoluble residue were removed by

centrifugation at 8000g. Extraction step was replicated

_+’77_



wlth pellet. Two portion of extracts were comblined and
two volumes of acetone was added to this extract. The
preclpltates were centrifuged, washed with cold
acetone, and resuspended to 25 mM ammonium acetate
buffer, pH 6.9. The 1nsoluble residue was removed by

centrifugation and protein was preclpitated by adding

nine-fold excess volume of acetone at -10C. The

preclpltate was separated and dried.

2.2. Gel filtration Chromatography

Extract was further purified by Sephadex G-75 gel

filtration column (2.0 X 100 Ccm) which was

preequilibrated with 20 mM ammonium acetate pH 6.87.

The crude sample 1s reconstituted 1n 5 ml of 20 mM
ammonium acetate buffer, pH 6.9, centrifuged and
applied to the gel filtration column. The column was
developed with the same buffer at a rate of 25 ml/hr.
Fractions of 6 ml were collected and each fraction was
tested for inhibition activity against thrombin. Active

fractions were pooled and concentrated with

ultrafiltration (DIFCO, YMO3).
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Z2.3. Chromatography on DEAE-Sepharose CL 6B

The concentrated sample was applied directly to a

DEAE-Sepharose column(2 xXx 30 cm) preequilibrated with
20 mM ammonium acetate, pH 6.9. The column was washed
with the equilibration buffer until the absorbance of
the effluent was below 0.1 at 254nm. The Dbound

inhibitor was eluted with a linear gradient of 0 - 1 M

NaCl in the equilibration buffer at 20 ml/h flow rate

at room temperature, and the effluent was collected 1n

4-5 ml fractions. The fractions which had thrombin
inhibiting activity were pooled and concentrated Dby

ultrafiltration.

2.4. Reversed phase HPLC

Concentrated active inhibitor was purified finally by
reversed phase HPLC using Aquapore C8 RP-300
column (Pierce) with a ternary gradient from 0.1 3 TFA

in water to 0.1 % TFA in methanol + 0.1 % TFA 1n

propanol at 0.8 ml/min flow rate. SDS-Tricine-
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polyacrylamide gel electrophoresis (16.5%T, 33C
acrylamide) was used to <check the purity of the
purified proteinf{24). The protelns 1n gel were stained
by Silver staining([25]. Protein concentration was
determined by Bradford method[26] and amino acid

composilition analysis.

2.5, Amidolytic Enzyme Assay and Kinetic Data Analysis

The thrombin 1inhibiting activity was measured with

bovine a-thrombilin and chromogenic substrate, Chromozym
TH. Fifty g1 of thrombin (0.1 unit/ml dissolved in 20

mM HEPES, 0.15M NaCl, 1% PEG 0000, pH8.0) and 50 pl of

sample were combilned and 1ncubated in microtiter plates

at 37C for 5 min. After adding 100 g1 of substrate to

reactlion solution, the absorbance was measured at 405

nm by microplate reader. (Emax, Molecular Dynamics). The

amount of product formed was calculated by using an

absorption coefficient of 9.75 mM'cm™ for 4-—

nitroaniline at 405 nm.

_80_



Tight-blinding and slow-binding 1inhibition of «a-

thrombin by thrombin inhibitor were analyzed as
previously described[27-34}. Tos-Gly-Pro-Arg~-p—-NA was

used as substrate of thrombin at a final concentration
of 100 M. In tight-binding inhibition, 20.5 pM a-

thrombin and 0.25 = 10 ng/ml inhibitor were
preincubated for 10 min and then the steady—-state

veloclity was measured after the addition of substrate.

Under the specified conditions the K, value of the
substrate for bovine a-thrombin was 5.01 M. In case

of slow-binding inhibition, 1nhibitor and substrated
were preincubated, and the reaction was started by
addition of 10.3 pM thrombin. The observed steady-state
velocities were fitted to egn 1 and egn 2 by using

nonllinear regression(2/-30].

Tight-Binding Inhibition

Vs = (Vo /2[Tr]) [{( Ki' + n[T] - [Trl)" + 4K/ [To] }* - (K" + n[T] - [Tll)] (1)

where vy, is the velocity observed 1n the absence of the

inhibitor, [T,] is the total thrombin concentration, n



is a factor that corrects the 1nhibitor concentration

units to molarity, | T;] 1s the thrombin 1nhibitor

concentration in terms of welight per volume and K;' 1s

the apparent i1nhibition constant.

Slow, Tight-Binding Inhibition

P = vt + (Vo - V){(1 - € %) }/Kapp + @ (2)
where P 1s the amount of product formed at time ¢;
Vo, Vs and K., represent the 1nitial velocity, steady-

state wvelocity and an apparent first-order rate

constant;a 1s a displacement term for compensating the

value at t = 0.

2.6. Mass spectrometry analysis of purified thrombin

inhibitor

Positive 1on mass spectrum was obtalined on a KOMPACT

MATLDI T (KRATOS Analytical). The underivatized

inhibitor was dissolved 1n HPLC grade water at a

concentration of about 2 g/ ul. One ul of sample was



deposited on the probe and 1 ¢l of matrix(a-cyano-4-

hydroxyclnnamic acid) was mixed by using the

microplipette tip. The mixture solution was dried under

warm alr and mass spectrum was galned.

2.7. Analysis of the stability of thrombin inhibitor

Purified thrombin 1inhibitor was treated 1n wvarious

conditions as specified 1n Table 3 and diluted 500-fold

with HEPES buffer (20 mM HEPES, 0.15M NaCl, 0.1% PEG

6000, pH8.0). The inhibitor was 1incubated for 20 min 1n
acldic, neutral and alkaline conditions. The control

sample (untreated 1nhibitor) was taken as 100% of the

inhibitor activity.

2.8. Amino Acid Composition Analysis

Approximately 5 pg of purified sample was hydrolyzed

in 6 M HCl1 at 110C for 24 h. The hydrolysate was

derivatized with phenylisothliocyanate and analysed.
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Z2.9. Removal of. N-terminal block and N-terminal protein

sequence analysis

Blocked N-terminus of thrombin i1nhibitor was removed

by incubation of inhibitor with anhydrous

trifluoroacetic acid at 40C for 1 hr. After drying

trifluorocacetic acid, N-terminal sequence of purified

thrombin 1inhibitor was analyzed by automated Edman

degradation with on-line HPLC analysis. About 1 nmole

of thrombin inhibitor peptide was applied to an Applied

Biosystems gas-phase sequencer model 476A and the PTH-

amlno acid derivatives were analysed.

3. Results and discusstion

3.1. Purification of thrombin inhibitor
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Extraction of protein from leech whole body vielded
most of thrombin inhibitor contalned. Concentrated
inhibitor was applied to gel filtration column and size
exclused. The activity of thrombin specific 1inhibitor
was eluted 1n the range of 0.5-0.7 M NaCl from DEAE-
Sepharose column. Then active thrombin 1nhibitor was
purified by reversed phase HPLC. The specific activity
of the 1nhibitor was about 7,000 NIH antithrombin
units/mg which 1s measured using Chromozym TH as a
substrate. Final reversed phase chromatography was
repeated on Aguapore RP300 C8 column. Fig. 1 showed the
elution profile on this column. Only one peak with
thrombin inhibitory activity was obtained. The vield
obtained at final stage was about 15-20% (Table 1). The
speclfic activity of thromblin inhibitor was determined
to be 6650 ATU/mg. Material obtained in this procedure

was used for further characterization.

3.2. Characteristics of purified thrombin inhibitor

SDS-Tricine gel electorphoresis showed a single band

with an apparent molecular weight of 10 kDa (Fig. 2).
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MALDI mass spectrometry gave protonated thrombin

inhibitor [MHY] real mass of 6967.98 Da (Fig. 2).
Purified thrombin inhibitor showed weak signal

intensity on MALDI mass spectrometry under various
matrix. The pI of thrombin inhibitor determined by
isoelectric focusing was about 3.8. The pI value was

calculated by comparing to plI standard markers (data

not shown).

3.3. Kinetic Analysis

It was found that thrombin and inhibitor bound 1 : 1

stoichiometry by tight-binding 1inhibition analysis.

From the analysis, the apparant dissoclation constant

K;' = 2.98 £ 0.7 pM was determined. The first order

rate constant of thrombin-inhibitor 1i1nteraction was

analyzed by slow binding inhibition analysis. k., and

Korr(=Kkon X K;) were calcuated by the equation 3[30].

Kapp = [Kon /(T + [SYKm JI[Ti] * Korr (3)
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where k., 1S the apparent first-order rate constant,
k.n,'" 1s the assoclation rate constant, S 1s the
substrate concentration, T 18 the inhibitor
concentration, K, 1s the Michaelis-Menten constant and

korr! 1s the dissociation rate constant. Obtained ko'

and k.rr' values were 1.51X10° M's™ and 5.86X107° s7¢,

respectively. K; value from slow binding 1inhibition
analysis is 185X99 pM, which is in agreement with the

K; determined from tight binding 1nhibition analysis

(Table 2).

3.4, Stability test of purified thrombin inhibitor

The effect of extreme pH and temperature on thrombin
inhibitor activity was 1nvestigated(Fig. 4). After
20min incubation at acidic, neutral and alkalilne
conditions and at various temperatures, the activity ot
inhibitor was measured. The activity was slightly
decreased at low pH but no activity change was detected

at neutral pH. In alkaline condition, the thrombin
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inhibitor 1S readily inactivated at elevated

temperatures. The 1nactivation began to occur after

40C temperature. Incubation of inhibitor with thrombin

longer than 2hrs at room temperature 1n acidic (pH1l.3)
or alkaline condition(pH13.0) did not affect inhibiting

activity(data not shown). Table 3 shows the stability

of 1nhibitor under extreme conditions. The thrombin

inhibiting activity mostly remained 1in acidic condition

after incubation for 20 min at 90 C and the inhibitor

was still active 1n alkaline solution. The denaturant

i
—

such as urea and guanidine-HCl did not affect the

activity of inhibitor at 90 TC. These characteristics

g—

of inhibitor were simililar to the report of hirudin{35].

3.5. Amino Acid composition and N-Terminal Sequence

Analysis

The amino acid composition of the purified inhibitor
was analyzed and compared to other hirudin
variants (Table 2). The amino acid composition of the

purified thrombin 1inhibitor was similar to that of
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other hirudin variants. Glycine 1s contained lower
amount compared to hirudin.

The 1nhibitor polypeptide which was collected 1in
single rHPLC peak was used for determination of the
NHZ2-terminal amino acid sequence, however N-terminus of

purified thrombin inhibitor was not determined because

of the N-terminal blocking group. After treatment of

trifluoroacetic acid, we could assign five amino acid

sequence, DVPQP. No amino acid peak was detected after

five cycles of Edman degradation.
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Table 1. Purification Steps

Activity

Step

Crude Extract
Gel Filtration

Anion Exchange

HPLC

Total Proteln

(Mg )

and Thrombin Inhibitory

Specific
Activity

(ATU/mg)

64

25

3.3

2.2
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129.6

1138.5

29609.9

c04dl.8

Recovery Fold
(%) (%)
10¢ 1
63 1.6
22 4.1
18 9



Table 2 . Kinetic constants for the 1nhibition of a-

thrombin by i1nhibitor

Cype of K;:' (pM) Kon' Korr! K; (fM)
lnhlbltlon : (X109 M—ls—l) (Xlo-?)s'"l)
Cight 2.98%+1.10 142 £ 52
binding

slow binding| 3,89%*2.09* 1.51%X0.38 5.86X1.67 185%99

Assays were performed as described under "Experimental

Procedures” and the data were analyzed as described

under "Amidolytic Enzyme  Assay and Kinetic Data

S

Analysis" to yield the values of the kinetic constants.

d

Ki lr=}‘:-'::aff/ kon



1)

Table 3. Effect of denaturant and temperature on

thrombin inhibitor stability

% 1inhibition activity on different

Denaturant incubation condition
25 C for 60 min 90 C for 20 min
8 M Urea 100.2 100.9
6 M GdmHC1 98.9 99.1
2 % SDS 105.3 79.3

Inhibitor activity of the control sample (10mM Hepes, pH
8.0, 0.14M NaCl, 1% PEG 6000) was taken as 100 3%.

GdmCl, guanidine hydrochloride; SDS, sodium dodecyl
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Table 4. Amino Acid Composition of purified thrombin

inhibitor and other hirudin wvariants.

Amino Acid

CVys
Asp+Asn
Glu+Gln

Ser

His

Arqg
Thr
Ala

Pro

Val
Met
Tle

Leu
Phe

Trvp

Lys
.

HV1

= s DN I > DN W [

=l

b

by thls method.
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Purified

Inhibitor

2 .36%
10.0
10.1

The values are averages of three analyses.

Cystelne residues cannot be accurately determined




Fig. 1. Rechromatography of purified thrombin inhibitor

on Aquapore RP300 C-8 7 pgm (4.6 X 250 mm). Thrombin

1inhibitor was eluted with a ternary linear gradient

from 0.1% TFA/water to 50% methanol/0.1% TFA + 50%

propanol /0.1% TFA in 60 min at 30 C. Flow rate: 0.8

ml/min.
Fig. 2 . Matrix—-assoclated laser desorption
1onlzation{(MALDI) mass spectrometry shows the mass of

the purilified thrombin inhibitor 1s 6968 Da. «a-cyano—4

hydroxycinnamic acid was used as matrix. Y axis shows signal

L*]

of purified thrombin

intensity. (Inset) Tricilne SDS PAG

pr—

inhibitor. Gels of the purified fraction from the C8

HPLC chromatography step were run as described under
"Materials and methods”". The gel was stained with

sllver stalin. Arrows indicate molecular mass

standards(16.9, 14.4, 8.5, 6.2, and 2.5 kDa).

Fig. 3. Tight-binding inhibition of «a-thrombin by

inhibitor. Assays were performed as described 1in
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Materials and methods 1n the presence of 100 uM

chromozym TH as substrate. The observed steady-state

veloclities were fitted to equation (1) by using
nonlinear regression. The line 1n the figure shows the

best fit of the data.

Fig. 4. pH and heat stability of thrombin inhibitor.

The i1inhibitor was 1ncubated at various temperature for

20 min 1n buffer varyving pH values and diluted 500-fold

1)

L*]

with HEPES bud

fer (20 mM HEPES, 0.15 M NaCl, 0.1% PEG

-

6000, pH8.0). Inhibitory activity of the control sample

(100 mM Hepes, pH8.0, 0.15 M NaCl, 0.1% PEG o6000) was
taken as 100 %. The 1nhibitory activity was sharply

decreased 1n alkaline solution and in high temperature.

(I ) pH1.3; (@ ) pHB8.0O; ( A ) pH13.0.
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