Amino Acid Residues Essential for the Expression
of Thrombin Activity —Biochemical and Molecular
Analysis of Abnormal Prothrombin Molecules—
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Abbreviations : Arg, arginine; APTT, activated partial thromboplastin; Cys, cysteine; dCTP, deoxycytidine
triphosphate ; dNTP, deoxynucleoside triphosphate; EDTA, ethylenediaminetetraacetic acid; His, histidine;
Met, methionine ; Ile, isoleucine; PAGE, polyacrylamide gel electrophoresis; PBS, phosphate-buffered saline;
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g?‘ﬁ”hf"‘%% SMITAZENTES.
AFETIZ, BEEARR S HnEEERD TR
SetavE v REEOEELREL LT, BERE ==
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WIZEEMA L EROEMRBICEER T § VBRECOVTHR
EHL7.
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it T, HEEROBEERI . EEROROFHRE
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MEIZERDIE (K1), HEHRE, —BMEFEHRELE O
WL, FERTANE AT,

1.5 &

1. MEEE<F 4 — 2 DRIE

Bl 3.8% s =g b Y v A 0.5ml A D EERMAED
A5ml DM A AL L, EA12 4°C, 3000rpm, 1045 & O 5B
LTl r B, SAEEEDS B, 70 b e v vEEH
(prothrombin time, PT), {EM(LEY b = v K7 7 2 F v K
(activated partial thromboplastin, APTT), 7. 7V /2 ¥ -
&, SREHENEEROES B lE L, &Y oMk
—80C = THAEREL, MMM L CER L. PT IR v 7
5 2 5 v (Organon Teknika, Turnhout, Belgium) % &% =
LY, #7+ APTT X7 5F YV v - 75 A -T2 FX—2%
{Organon Teknika) Z #% & LQuick —E#iz & 0, BEINE
3£ (Auto-Fi, Dade, Maiami, USA) # G THIEL 2. 7 4 7
VAU ey e VRIS L ARES BHBHT - &
T o4 -7 4 7Y &y (Baxter, Miami, USA) R\ T, (&
HEEBICCHlE L. 8V, VIL VI IX, X XI, XIT &K
THEMIL, FRAFAORFRZ M Baxter) & UL T—BiAIC
*DW%L%.%Xmﬁﬂﬁ%ﬁﬂim,:7vwamu
Faany vy, @mEIN 2HCTHELR.
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Ca" 44V, VVEBERIUY Va RTDHEEE (Frtevy
F—CEAEK) THAH, Tt e v EVERONERIILE
BARROBBE I r v AT 7 RFVIZIB—BENIAVDH

2. Bk Tr e v e v iERORER E LT, Echis
carinatus® % Taipan /e L DI BEBERL, AF 740370
5—gMEyFe by EVERLRT L LTRODEEDD
. Echis carinatus B P CHEETH 72 b v v € v Gkl
B, Cat 1A v Y v EE, Vaﬁf%%ﬂ%f Fe bR
VEVHGTFRORTF FREREYBRMCKBT DI ZI2L D,
a- bRV EYANEEMET B, Staphylococcus aureus DEEE
NEHBTHAAZ 7 4 maTFF7—H, FrtevrEvk
111 Oy TEEBEBERTAZLIZEI T v bRy Y &iE
HlbT 52, ZOBEBORFILETL, FhyFRDT
F FEEG L RBEA, SENL, BEO-BEL, BK
FeilsEs: = U T Echis carinatus §£ & (Sigma, St.Louis, USA),
2 FT7 4 m2T S5 (UHNAEEYH, SREMAZL D
#t5) ¥HOLIHFERT 1.

s b ey UHEER Laurell?, Fichbiie t 7R b e
v ¥ v #imiE (Behringwerke AG. Marburg., Germany) % &1
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FoThEFRer ., MEDOBREOBILFERE L LTHEL
7z,
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Fig.1. Pedigree of the family with prothrombin Himi.
Proband is indicated by an arrow. The numbers below
the svmbols denote prothrombin clotting activities
(one-stage assay method) as a percentage of normal
activity. Inheritance of the variant proteins was followed
on the basis of the PCR-SSCP analysis. P, Heterozygote
for the type I mutation (I/-): @@ heterozygote for the type
I mutation (11/-): @, compound heterozygote for the type
I and I mutations (I/1);: . normal; O, not tested.

PCR, polymerase chain reaction ; PT, prothrombin time; SDS, sodium dodecyl sulphate ; SSCP, single-strand
conformation polymorphism ; TBS, tris buffered saline; Thr, threonine
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7 m kb \ v vid Morrison ¥ & U Esnouf D J5iERC#E 1T
BY L. Ticbhb, 100ml 27 = v EnfEXEL-<) v 4
Tl &L %/ Q(Pharmacia, Uppsala, Sweden) # 5 4 7 r < }
777 4~ THEHE L. B ot v v, Kawabata 5D
FHESIZLI VB S o b ey ¥ d Echis carinatus teEE% H
WTiEM(E L, CM-+ 7> 2 — & (Pharmacia) # 3 & 27 =2 < }
777 4= TCEE L. BoAERT et r v ey Lo b
2wy, Laemmli DFEIZ L - T FF o AFEEF Y @
LH=-HKYV T2 YUNT I FFILESKKE (sodium dodecyl
sulfate-polyacrylamide gel electrophoresis, SDS-PAGE) # 47 »
A

2)BE e be v VENRIZ I A ER - b 2 v E ViES
DEE

0.IM CaCl, # & %; 0.05M + YV = ¥ B #2 & % (pH8.0)
(Tris-buffered saline, TBS) ¥ - 2 v v ¥ vl ML
HAF& L7Tw > Xa AF (Enzvme Research Laboratories,
South Bend, USA) & 5\ 2 Echis carinatus WE% % T,
3TCIHRIME L. BEMICRITEAE 50u 5L,
SDS-PAGE #fT\», 7Rt uv v DREFBRAX — v & A
fo. EHICRABC, ERbr vy EYDT7 4 7Y 22V REREN
B L OSGMEHE S-2238 (Kabi Diagnostica, Stockholm,
Sweden) ¥ A\ o A REBEKBEELRIE L.

5. DNA f##7

1) R AMmER» S5O DNA HH

&4 F DNA 1%, Kunkel 5D HES 2 —8H%ZET L, UTD L
S LT Lic. =F L v 7 i PUEEER (ethylenediamine-
tetraacetic acid, EDTA) Dli\v» 22 M%< 10ml £m L,
NaCl TEBIz LT +A M 5 Vviliy 1 /387 1 Rk
Blrc., EB2& 0L Ty BBEEAKERK pHT.2)
(phosphate-buffered saline, PBS) (10mM #EE#&2E %, 0.14M
NaCl) < 2 Bt L7z, S5EEOMRS#ER (0.32M = 2
2 —-2x, 1% b U+ v-X, 5mM MgCl,, 10mM Tris-HCI
(PHT.5) W@l L7z, O, B L eBgEIC B AR
K-EDTA #% 5ml, 10%SDS % 0.5ml Iz @, =51
F—+ K & (10mg/ml) (Merck, Darmstadt, Germany) %
Soul fnx, JTCARFERE L. ED7 =/ — A A REFLE
LERERER L, RBOBRFEY 7=/ - - 7 a a5k L
Q0: D%, 7eedhna-AVTiA7Aa—L (24: 1) T

DRLI., BohfekBah=x ) -1t e, WL -
DNA % 200~500xl © TE #% # (10mM Tris-HCL 1mM
EDTA (pH8.0)) iZ#&#E L, 4C WHBEFELER L.

2) 5 A~ — (Bl

Davie HD#HEMICL 2L, Trrv v DNA 0ER
12 21Kbp THUD =27V v EATED, a- b = v & vz
=77 v 8bh=rY v IAETIZEEFNTLS . SED DNA
BRETZ a- b 2 v UV HBICEIAY R 72D T, =2V v 845
22V VIAETODTRID=2 Y VEIERT S v v 78y
BB TE B L 51, Davie 5ARE LT e b r v ¥ uigE
FOA Y bR VEINRSHSHDT T v = ER L. 3+
TDTFA4=—1L, A7 54 AFMH HHE0EE L% 7213 F
FICRE L, ThEhOF 514 ~—DEINIT, FELILRL
7.

3) KU A S5 —EHEBKIGHE (polymerase chain reaction,
PCR)

@7 F DNA lug 88 DNA 2 L7, 2006M D75 1 <~
18, F4F>v %27 L4+ F=#E (deoxynucleoside
triphosphate, dNTP) #& 200uM, Taq DNA HE V 4 5 — &
(Perkin-Elmer Cetus, Norwalk, USA) 2.5 & {7 % , 10mM
Tris-HCI pH8.3, 50mM KCl, 1mM MgCl,, 8Lt 0.01% £ 3
F v DRBERIZNL®, WEEZRRKIC L VE£E 100ul ZHEL
fo. BBGC X B RIGHE DEREH 1o, 50Ul DI FFatq
N (Sigma) ZEEB L . KIEi2 DNA Thermal Cycler
(Perkin-Elmer Cetus) # R\, BEM, 7=—V v 7, 7354
v —HEEDOEMHII TN EFRE IICRLALDIZHREL, Zht
1A 2702 L0301 7V @D R L7z, RIGHTH, ERBD
IFxFAFIAEEEL, WIEL DNAMAF Y 2 2 vkl A
T L.

4) — KB #E 4 MM (single-strand conformation
polymorphism, SSCP) &

SSCP i1, T TILEEEIIOMEN TV B EEDEETD
BEREYERTIBCEDBTETH D, FEIZU DX
SRLDTHD. [a¥ Pl Fh+ v o F v ZHER (deoxy
cytidine triphosphate, dCTP) % & # PCR RIG#IZ A XL 7 HIH
DNA Wi %P THR L, MBS B0 +r) 72
AT I NFACTESRKETA. BHELT AL -1z
DNA Wik 1%, ZTOHMEEINERNEABELRD 20,

Table 1. Oligonucleotides and conditions used to amplify the human prothrombin gene

Exon Oligonucleotides Denaturation  Annealing Extension
8~9 5 TGCCTGGGTCCCAACAGAGGA 3 94C 65C 72C
5 AATGGTAGCGCAGGGCTCCAGGA 3’ 60 s 120 s 180s
10 5 TACGAATTCTCATCCTCAGCTCCTAATGC 3 94T 60C 72C
5" AGACACCCACGGGCCACCAGTT 3 60s 120 s 180's
11 5 TTCTCCATTTCTTTCTTGGGGT 3 94T 60C 72C
5 TCAGCTAACAAGCATCTGGTGGC ¥ 60s 120 s 180s
12 5 TCTCACTAGGCCCTTCTTCCTTC & 94T 60C 72°C
5 ATCGGATCCTTGAACCCAGGCACAACTCA 3 60s 120's 180s
13~14 ¥ CTTGAATTCTCACCAGCTGTGTC’I‘CGTGA 3 84C 60C 72T

5 TTTGGATCCTGGGAGCATTGAGGCTCGCT 3 60s 120s 180s
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HEWE - EADBREIZTh IThBER KB ERLHBEEL R —HDFTFAT—-D3B 5 KM T T ~—%, T4 R
4. Z =T DNA WA P BB ERE DB A, K& RZLAFFEF—F (= Hv -y, B 2V,
FOBEELAEET HHEIL, £DO—KEH DNA DEkiE 10mM ATP #/EF =Y v (b L, PCRIZH\ /2. PCR Tl
PE(ETAD, BEELOL VG L IR ANBICESK L7 5t DNA BiH12, 08% EBRG T H e —A¥ L (T H
BEND. HoTWHHOBBEDEL LT, ZOEEE D m—A L, =Ry o—-v)iopkEifk, HivL32 DNA Kk
Tl TAZENTES. BYODHL, #727a—=v Il 47— 2 viT,
PCR-SSCP %, Orita 5D HE"™ Izt » 7z, PCR X, &% Sma I UIKr LY vk L7 pUCIS 75 2 ¢ FIZHAM®D
F DNA5Ong, dNTP £& 30uM, /M @75 1 ~— 1 f, Taq DNA Wik #tnz, TADNA V #—® (= v Kv ¥ —v) #AL
DNA #£Y 25—+ 025 Bfy, [e¥P] dCTP (111 TBq/mmol, T 10mM APT AT T, 16C —BRIGE &7z, KIFEEIL, =
370MBaq/ml) (Amersham, Buckinghamshire, UK) 0.2ul {Z§iixk YETF Y MELAABE IMI0 (= » v o — V) R L .
L7 PCR WA Mx£E dul & LT{T-7z. HBIEL - T7 DNA £V # 5 — % (Sequenase Ver.2.0, United State
Wi DNA Mk %, w47 § FEESK (95% w7 3 Biochemical Corporation, Ohio, USA) # FHH\ T &1 F 4 % >
¥, 20mM EDTA, 0.05% =7 =/ —n 7 —, 0.05% # FP Ty -2V A%t v—2=v A AL, 85M
YUY T —A)IZTIOEICERL, 90C3 SmaLie E, % DRYT2Z2IATIFFA(TZ2YA7 3 F/N, N-»
724, 90mM Tris- = v pH8.3, 2.5mM EDTA L T8 5% 7 FLVYERTZUATIFN, 19: 1) FERHLE.
V=&t 5% RV T Z2IVATIFEAL (TI2IAT S
F/N, N-2AF LV EARTZYLT I F, 48: Dizow, EE A "
7, AOW TH 3~ SBSMER KB L. D& &, YA RYE [. £KXE70 AL ELESEORMEMTR
BAIC X -~ CEA L. BB A RERL, A - FUF FevmE O MR, MR E LICEE, PTITS B (EHW
57 4 —%FTo7. fE 11.9~13.9), APTT 71.4 # (E#EHLT) £ 2 LIER
§5) v— 27 =v ARG PRDI, T ey UiENER 10% EEHLETERD D

Table 2. Prothrombin level as determined by various methods

Plasma prothrombin level (% normal)
Family member

(pedigree position) One-stage  Echis carinatus  Staphylocoagulase = Immunological

assay assay assay assay
Proband (I —1) 10 <10 65 88
Father (1—-1) 56 57 78 92
Mother (1—2) 63 60 78 88
Sister (I1—2) 89 88 84 92
Sister (1—3) 9 <10 52 76

Fig. 2. Immunodiffusion (Ouchterlony) of plasma against antiprothrombin antibodies. Central well, antiprothrombin antibgdies‘:
1, normal plasma; 2, proband’s plasma; 3, father's plasma; 4, mother's plasma; 5, sister's (I-2 in Fig. 1) plasma; 6, sister's
(I-3) plasma. Line of identity between normal and abnormal prothrombin clearly seen among all plasmas investigated.
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L, D @BERFEEIIETEE Th-7. FERLEOER
Bl -1,
R2LRMELZDFROMBL A RBFED, B2 DHIE
BCLa7 e b e v B VENBICHEBEEDORERERLRT.
BEO—BEICIA T e v EVEMID, BEE, Kk (XA

Normal

Fig.3. Clossed immunoelectrophoresis of plasma against
antiprothrombin antibodies. Plasma samples were run in
the absence (left) or presence of calcium ions (right) in the
first dimension. No difference in mobility was noted
between normal and patient's plasma. The addition of
calcium ions to the buffer did not changed the pattern.

| Himi

Fig.4. Analysis of purified prothrombins by SDS-PAGE.
Normal. prothrombin and prothrombin Himi migrated as a
single. band with the -same mobility of SDS-PAGE, and
their molecular weights were estimated as 72,000.

RIVE: 1-3) 28O TIERMEDRH 10%, 2k X CBTIZY
50% TH 7. Echis carinatus WEBTEW (LB Y AV TiENR
fEL7z a- b mv &V iBitid, BME S XUk (1-3) T 10% LY
T, FESARE0% ThHotety, RE7 403755 —~EDES
12, BMER IO (1-3) TEHEDOH 50%, METIXEE L
ERBOFEMER TR L. —F, RAR&REEERMmIE L i
Thoto. LX), KRR ERME T b rv E v BYEL
ZWIL, e rtevey Hmi &40,

Trber v EVHROEE T, firt T bry ey mE
LT, BEME, RERERICEOERBEOMMIE, 0
EN N AOHBERAEIECICEMA L (M2). 2% hRmE
DML, WE, BEELOMICHARMOEREY R D) -
7.

Mm% B ZERRERKE TIL, RMELEESRLD
MICEBEDERIIBDL, -7 (K3, &), I512 Ca 4+
YR MK ERRERC CABE L R Lios, MHIERIL
BHHNT (M3, 4), RET = ey €y 9F0 Gla gt
D Ca A4 v EDFEREF EE L DAL,

I. BEEE D oL Ok

BEETrbe v EvDE/QATLZBR LI T T 4 ~12
HEH A~ L, Bl LTEFRERERA LA+ VHET
BHIN I (F—210R3P)., BEEE = e v vz,
SDS-PAGE TEHE LFE—5F& (72.000) T, #E— v Fa R

Unreduced
Normal Himi

R

PR

F4—e v o S A

F2-~
010 30 6090120180240 0 10 30 60 90 120180240

Incubation time (minutes)

. Reduced
Normal : Himi

Fig.5. Cleavage pattern of normal prothrombin and
prothrombin Himi by bovine factor Xa (6 U/mg prothro-
mbin) in the presence of Ca* (5 mM) and phospholipids.
The products of proteolysis have been analyzed by
SDS-PAGE. " P, prothrombin; P1, prethrombin 1; T,
a-thrombin; Fl, fragment 1; F2, fragment 2; B ch, B
chain.
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Lz (K4).

MR LAERBIUCRES s tevevy, VYR
7, Ca A+ VERTTY > Xa RTIZL 0iEMRLL, TR
=8 — % SDSPAGE THIN/LDTHB. RE S =
rav eV, EEERA—DTEDZ7F 72411, 72574
vi2BLIWatavEvEeERL (LB, BXL&ETTLE
—GFEOBH#EI BRI (TH). BB r e Evd
Echis carinatus 1 B TEML LcBE L, Xa BFTREMRL
HEAS L ABOEREYEI (F— 23R EF). ®61x, Echis
carinatus BT I HVEERICRE e b vy 2iEMEL
LD, £ a- b = v v iEHORBNELERLAELDT
»5. LEIER et v EvyD7 4 7Y 2 XV REENE R TR
LizbDTHEHN, 773 P —CE LA THEYLETS
L, BES e ey v TRIEFRDH 37% OFEME LRI
v, —HTFEL, AR et e v BV OARETR S-2238 A
PKBEEERLIELDTHAHH, MELUIA UEEELRL
fr. ZDZ kXD, RESe e v VIIESFROSREE
BERT B, 747V P RT 4T Y VICERT BN
BETFLTVAEELZOND.

THHDOREND, BE e rr v vt Xa BFIZLAK
BEMITEETHY, a b ey EVEROEBERZ SN RE
DEETHI ERHEI LT

M. BHEEF O OER
Echis carinatus BB THEMLINEF tr v E VL,
CM-+t758—2AASATHE—lEL LTEF e vEY &30F
RUA A+ v BETHEDN i, iz SDS-PAGE TH LIz E
IAEBT, BREVCHFERICBOLVIES LENADAR

>

100 -

8O

60 |-

a0

20

Clotting activity(% normal)

! i L
0 10 30 60 90
Incubation time (minutes)

.-}

Amidolytic activity(%noreal)

0 & )
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Fig.6. Production of clotting (A) and amidolytic (B)
activities upon activation of normal prothrombin and
prothrombin Himi by Echis carinatus venom. @, normal
prothrombin ; O, prothrombin Himi.

Motz (RT).

V. B O EORGFRIA

1. PCR-SSCP #

BEEZ LA, BRREBLCLOMEB L 2 ADHED R A MER
I OEST DNA #H#H L, Yot e v EVEEFOFDO LR
vEVEEY - FTE=s Y v 8mh s Y w14 TOEE
5012507, PCR B THIR L7z, HEL /25 2D HED
DNA Bz & TH— Ay FTRMETH A X0 ELN, @&
Wl RRMEBICIDOERBLOMICERIAD e

Unreduced Reduced
Normal. . Himi Normal  Himi
T et e e~ BCh i auED L

Fig. 7. Analysis of purified thrombins by SDS-PAGE. T,
a-thrombin; B ch, Bchain. The molecular weight of the
reduced and unreduced forms of thrombin Himi appeared
indistinguishable from that of normal a-thrombin.

1 2 3 4 5 6 7 8 9

Fig.8. PCR-SSCP analysis of exon 10 in the prothrombin
gene. Genomic DNA from leukocytes of normal controls
(lanes 1 through 4)-and family members (lanes 5 through
9) was subjected to PCR-SSCP analysis using a pair of
primers flanking exon 10 of the prothrombin gene. -Lane
5, proband (II-1 in Fig.1); lane 6, father (I-1); lane 7,
mother (I-2) ; lane 8, sister -3 ; lane 9, sister I-2. :
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(F—212mR&T).
PCR-SSCP #TIIM TR FNC DT 2 KD BEE DNA 24 10

HOT, FEFEEHFTL2AER, ~T7 rEEFETILLAD AV
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HREEDAVFE-H LTIl b, REBREK LR
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(A) 3 3
i |
c : C
" T Ph
TNAGCT AGCT T e
T T
LT T  Leu
C C
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Met T C¥* Thr¥* 337
A A
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T
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C
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C
A
Cc Thr
C
A
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31

Fig.9. Nucleotide sequences of exon 10 of the prothrombin gene from the proband and her parents. (A) A single nucleotide
substitution, a T to C transition (*), changes the code from methionine (Met) to threonine (Thr) at amino acid position 337.
(B) A single nucleotide substitution, a G to A transition (%), changes the code from arginine (Arg) to histidine (His) at position
388. Arrows indicate the nucleotide subsitutuion. P, proband; F, father; M, mother. Phe, phenylalanine: Leu, leucine; Val,

valine ; Gln, glutamine ; Ser, serine.
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©) @ ®
1 155 156 2101 212 284 285 azo0 321 579
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| e ' — ; —
Tl
Fragment 1 Fragment 2 Thrombin
_A-chain . B chain

Fig. 10. Polypeptide chain structure and clevage sites of human prothrombin. T?IE residue numbering corresponds to the
sequence for human prothrombin by Degan et al. The carbohydrate (CHO) attachment and disulfide bridge (-S-S) are shown.
The factor Xa-activation clevage sites (D & @) and thrombin-postactivation clevage sites (® & @) are also indicated.
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Abstract

Human prothrombin is the zymogen of the serin protease thrombin. Biochemical and molecular analysis of abnormal
prothrombin molecules, prothrombin Himi, have been performed to elucidate amino acid residues essential for the expression
of thrombin activity. Prothrombin activity of the proband's plasma was 10% that of the normal, whereas prothrombin antigen
was normal. There was no history of excessive bleeding. The prothrombin Himi purified from the proband's plasma exhibit-
ed the following properties. 1) Factor Xa-catalyzed proteolysis of prothrombin Himi was normal. 2) Alpha-thrombin
derived from prothrombin Himi showed reduced fibrinogen clotting activity, although it retained full hydrolytic activity
toward synthetic substrates. These results strongly suggest that the abnormality in this enzyme resides at the substrate bind-
ing site and not in the active site of the molecule. To elucidate the structural abnormality of the variant prothrombin, we per-
formed molecular analysis of dysprothrombin. Polymerase chain reaction amplification of the exons 8 through 14 of the
proband and her family members' prothrombin genes, which code the C¢ -thrombin moiety, followed by single-strand confor-
mation polymorphism analysis, identified two variant conformers in exon 10 specific to this family. One variant allele
detected in the father was inherited by the proband, and the other detected in the mother was also inherited. Sequencing
showed two novel point mutations in the proband's gene. One is a T to C transition, resulting in the substitution of threonine
for methionine at codon 337 (mutation I). The other is a G to A transition, resulting in the substitution of histidine for argi-
nine at codon 388 (mutation II). By sequencing analysis of her parents’ genes, it was determined that mutation I was inherit-
ed from the father and mutation II from the mother. These results confirm that prothrombin Himi is compound heterozygous
for two dysfunctional prothrombin molecules. This present study suggests that Arg-388 and Met-337 in C(-thrombin are
critical residues in determining the specificity of thrombin toward fibrinogen.



