| ISSN :0031-9341

JOURNAL OF THE PHYSIOLOGICAL SOCIETY OF JAPAN

I -
S, R0k, BRREESR, PEIF D9, b PIROBEIEICE JiET
TEREUrF) Y, JAT7FLFY) vEBIFEr A E YO 469
= 2
TOKI, N., TAKASUGI, S., SUMI, H., KOSUGI, T., MATSUO, O. and MIHARA,

H. : Comparative properties of native and modified forms of urokinase

WIS TR A (3)

B fii  Stephan W. Kuffler JE/:% Lo.s (FEGEAKE)

William A. H. Rushton 24 0E U (H =) oo, 524

o W TRFISOLELEHS 1 [A] H A B L B TR R overererersereinimievensin s 525

Eazlsetﬂzﬂ

J. Physiol. Soc. Japan




/ NASADHIM&ABA L -KED T O — X — 5 —B85 7 I

<D NARCOMATIC & § Il ;7% 5t

NARCO

RT-500

REFLI N AL RFLXHNRT-0012HE (4% &)

SRR LA FNATFYIRT—500(3 2N TOE _ e e e
BERSENLILO AMMAR T, FLBE gy a0 S ERL L OZBE
CTA S REELEBE A, A—bTFy - QoA sy

oo & —7H \ X = s . e -
e MURMEAMR T/ HHIARR £ L CRETT,
= ) ERTAE B a8y b TEHBBUILERNTY,

RATCEET . W70 — 73T < CRERH CREAA HHIRM &
KA OSEOHBERIFHERBFEA~ TEBEICREIRATVWET, j
HABAIRE

Hiitﬁﬁgiiﬁ TI0l EERETRBERAMEZ2-122 U5 L (03)254-00526%)

=1t ALIR: (011)752-0176  HckE: (0764)78-5652 & 7R : (052)524-5408
TOKAI! IRIKA CO., LTD, KR:(06). 787-0544 [ :(0822)93-2163 #& FE:(092)472-3800

4 ™

HEFREOBREEEAERNICE=F —

HEA-VOXHE A‘Vﬁﬁ 7,-74#_

&

I BRI & R S o A i
A% 2~
= (a-v02)

ANBEH
)A/.’\L”(”'/J_g Rl N R
M HAL B BRIk O
% (‘ 52 L i 7,
{ L WLEB60nm DN A I L TE Y .
s@f‘uﬂf\t/‘j’v/g_m}b’\*& Dt//)
UXJUn:x HKE Qv E§, LED (385
=) ickD, TE— s A% Ay I‘
’"/HL\ Q) X2y T 27 T
Db % HTHEIEE LT, T2 N A—2Za-vO2
HiAZ (ml 02/100ml blood) TFiRL 7,

—

H A # ﬁ:iEIE

it FTI0I ERABTRERAMEI-2-122UN\S L 22(03)254-0052¢%
E;(I I AL #2(011)752—0176./ 1l Jagozgzns—zsm?fg ;‘ggmezgzawszxg
%2 (052)524—5408 /& fR(06) 305—6328JK 0822)93 216!
Y TOKAI IRIKA €O., LTD. = 12(0s99)21-301548 F(092)472—3800 )




CEARATEEE (1981) 43, 469-478)

Sy METROBEBRICELEFTT ELFUL, JLTELFY
BEUVEOALELORE

WA F MWW = KB RO R
(RBAAFE SIS AP HE, RRERRERE T RESEREY)

Effecfs of adrenaline, noradrenaline and pilocarpine on the oxygen
uptake in rat submandibular gland. Seiya SAkAMOTO, Santa ICHIKAWA,
Takao KomaBavasur* and Minoru TSUBOI* (Department of Physiology, School
of Medicine, University of Showa, Department of Pharmacology, Tokyo College of Phar-
macy*)

This investigation was undertaken to clarify the oxygen uptake caused by
adrenaline, noradrenaline and pilocarpine in rat submandibular gland.

1. Adrenaline (55 #M), noradrenaline (55 M) and pilocarpine (10 pM) signifi-
cantly stimulated the oxygen uptake.

2. When Na* in Ringer solution was substituted by Li* or choline, the stimula-
tion by adrenaline, noradrenaline and pilocarpine was blocked. However, when Na*
(50%) was contained in the Li* -Ringer solution, the response by these agents
were observed.

3. When K* in the Ringer solution was removed, the stimulation by adrenaline
and noradrenaline was observed, but that by pilocarpine was not.

4, Adrenaline-, noradrenaline- and pilocarpine-induced oxygen uptake was not
observed when Ca?t-deficient tissue was incubated in Ca2?*-free Ringer solution.
When the normal tissue was incubated in Ca?*—free Ringer solution, the stimula-
tion by adrenaline and noradrenaline was observed, but that by pilocarpine was
diminished.

5. The oxygen uptake of Ca®**-deficient tissue due to adrenaline and noradre-
naline was recovered by the addition of 3 or 5mM Ca?t to the Ca?*-free Ringer
solution, while the response of pilocarpine was recovered by the addition of 5mM
Ca?*,

6. The stimulation by adrenaline, noradrenaline and pilocarpine was consid-
erably blocked by the addition of 2.5 or 5mM La3* to the Ringer solution.

7. The stimulation by adrenaline and noradrenaline was significantly blocked
by the addition of 5 mM procaine. On the other hand, the stimulation by pilocarpine
was blocked by 0.5 or 5mM procaine. .

These results suggest that the increase in the oxygen uptake seen with
adrenaline, noradrenaline and pilocarpine is dependent on the presence of Nat and
Ca?*,

key words : Oxygen uptake, rat submandibular gland, adrenaline, noradrenaline,

pilocarpine
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ANY VEEEEMLTILE T 5 (Batzri &

Selinger?, Leslie et al.?”’, Watson et al.’?),
ZDXHSE KM OO T 35 —
FREThThBhoTwa. LT K ki
Bi43 % second messenger |3 Ca®*t Thp,
7 37 —EoRHEEE T 5 0k, cyclic AMP
ThBEE 2 b h T\ 3 (Butcher et al.?,
Schramm & Selinger?).

Hagen®, Putney® 5i35 » b OETFREIA
PRV ERT, Ringer §hiehia—
7V VI Y vERINT 5 LBREBROTED
EHEIhDZ EERBELL HORIhDOR
FEROTHENRT b rEviRbTR A N 3
VLo THHIERBZ Enb, ZOBFIX
AAAYVE IO a-7 FvF Y vOEZHEE
DEETHZ LARE L. FREEDLIXY »
FPETRUFCS TS E TR &SRB 7
FvrY v, JA7FVFIVRBITA Y 7 m
TV = VOEINT X » TERREIROTTHENE
5T EERMER LR OCHmE L. ZLTh
LOBMBREROILE T ThEh OERFE X »
THHINDZ L OE—DZREEN L TE
BT50TIRRL, o, BOB/T7 FUvr) vER
BENLTEDZ LERE L.

Ekstrom & Emmelin®, Thulin®®, Jirakul-
somchok & Schneyer'® 5% =28k 005 » b
DIEMBEOFHNFETFTRNED T 3 7 — ¥k
HEEMIes s 2E L5, Emmelin
et al.® FEETREMEBROFIMIC L » T % = F
TR O MEEREIEEM A —36mV 5 A JIIE
PoOELE ELT-T, @< b L 15~20mV
DRSBAERL, ZORSEIE -7 Fvr )
VIEMEED ST 7 P - X5 THEI RS
L, ElREABSBERTZIELAD, 08
SBESIL a~7 Vv ) vEREES T 5
BEThHbH ERELTW5. Roberts & Peter-
sen®i37 v POHTRE L OFEFREOMBEA
BT 2 F A2 ) VEIOT7 Frr ) vork
e X » RS A L BA B O 2 a2 7R3
LEHREL, MRIMOBAE LRI hbD
FBIRIC L > ThBHZ &R L. UbkoT

EDPBEFROTBING X » THERET 2 MlamE
EoBSHLELET I 5 -0k O
BEFEROMIC It A b O HBARENFEET S
bOLHEEINS.
ABEIEDORL ST Vv ) vIEBK
bONIZ = ) REIER A B IR A O R A
FWL, Fhictt- TRETBREROTHE
BExPDHhET2HNTT b0 THS.

I.®% 8& % &

EBA Bk Wistar 35 » b (BEfE, 200~
250g) DE R % F 7. Ringer ¥ Krebs-
Ringer phosphate (pH7.4) %[\ 7. EEIT
18RI R 2 M L 7ctRicfT » 7o, S TIROHH
CETERBONS, HEOEPR L » IR nL T
T\, EEEo Ringer W TX0 BE LI
TR TIRIFEIHR, AR & L Stadie-Riggs
slicer TEX 05~08mm o) Fww L7z B
Ca* iz Ca** ofR v ic EGTA Z Rtk
2mM isb X 5 jnz 7 Ringer ¥4 AT
KT, BELZRELICRETLIEMET LW
5 % & -7z, Ringer fgrho> Nat %= ) v
Lt BRLEY, BV K 2BELE
n, Ca¥* % La™ %N+ 55612 vEREE
oy Tris-HCl &% # B\ e, ¥
Ca?* free Ringer 353, Tris-HCl g% % &1
Ringer ¥ 75 Ca?t %k Ui,

AR EREOWE L Warburg #ESH% Fu
TV, EEREKYTF H60~80mg % 3ml ©
Ringer ¥ 1zi#iE &4, HMifAZESM, 375ChHE
B & c1l04 R o preincubation % 1T - #1412
i in 2 1 Ry SRR AT - 7o
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AT7FLvFY v(Z£KK), ceirvish
O7rad v (ZRBETEKK) Tho 7o

M. £ & & R

A. FTROBRERCE X TH4BEED
TrRVFIY, JATFVFY VEBINErS
ey D

Fig. L 217 vy vk X O/ AT Fv



ST IR AL OB SRR 471

TV VEEN LR OBREBROELE R L
LOTHS. BFEERL OH5M ©7 Vv
YRBIV /AT FUFY OGHINTER M
WD B IISh - Ty, 55 oM T HRInEEE % 14
3B EE LT LI |

Fig. 312 ¢ 1 # L € VRN L RO
WMOLERLIELDOTHS. CrALE VT
X ABFEERLT F U Y SPEENER & REEICEE
MORHBIC & b 7s - TIZITERRA /A ZD
St 0.1pM e = A 4 & v OYRNTTCL control

Adrenaline

|

4]
(o]

Oz uptake (ul02/100mg wet w)

200} 2 Control
-O- 5.5 uM Adrenaline
-0- 55 uM Adrenaline
1 5OF
100

level &FRETH - 7ot FwINEES 1, 10 uM
IS5 L E LWBREROTULESED bR
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Fig. 1.

Effect of adrenaline on the oxygen uptake in submandibular gland.

Submandibular gland slices(approx. 60~80 mg)were incubated in 3 ml Krebs-Ringer
phosphate buffer under pure oxygen for one hour at 37.5°C. Each point represents

the mean+S. E. for seven experiments.
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Fig. 2.

Effect of noradrenaline on the oxygen uptake in submandibular gland.

Experimental conditions were as described in Fig. 1. Each point represents the

mean=+S. E. for seven experiments.
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Fig. 3.

Effect of pilocarpine on the oxygen uptake in submandibular gland.

Experimental conditions were as described in Fig. 1. Each point represents the

mean=S. E. for seven experiments.

Table 1. Role of Na* in the stimulation by
adrenaline, noradrenaline and pilocarpine of the
oxygen uptake by submandibular gland. Na*
replaced by Li* or choline and the phosphate
buffer was substituted for Tris-HCI buffer. The
other experimental conditions were the same as
described in Fig. 1. Each value represents the
mean+S. E. for seven experiments. NS ; Not
significant, *p<{0.001.

02 urtake
Cendttions
(10,/100mg wet w./hr)

Centrol Normal Ringer 1382 3
Normal Ringer 1807

55 M Adrenaline Ui -PInger 265"
Li'NG-50%) -Ringer 172+ 91K
Chollre -Ringer 82%t5 -
torrel Ringer 173+ 6

S5 4 noraerengtice LI -RIDGEX ngx 2
Li'NGES0%) -Ringer 171 £ 6 NS
Cheline -Ringer /E2"
ticrmal Ringer 189%6

+

10 gt Priccerpine L -Ringer ngxz*
Li'tg-50%) -Ringer 180 £ 5 NS
Chollne -Ringer 792

FI VBB E R AL VERINL I OmR
FERELYRLELLDOTHS. Nat o hie=
Y vH Bt Lit #inx 7z Ringer §cozh
FhoOBFERET Nat 241 F% Ringer #%
TOBMFERE LR L TEHCK A L .
Li* i E# Uiy oA Ri3#30~38% ¢, 7
FUury vIEEE#E L = ) vIEBIEROMIR Kk & e
HERRED Rt —FH, 2V ViCER

Ll oA Rz Lit w B ORI bk
&<, #54~58%TH 7o, ¥ Nat & Lit &
DEEHTIE0S D Na*t &8 T hiE, Th
FhOBFEROHEMIFED B

C. KtigpEopsZ

Ringer %26 K* #5841 K 0
HLEBANT, 057120 NaCl oE%2E
BRI Em U7, &% Table 2 iRk L.

7FVvFYvBIVP/ AT FVvFY vRLES
EEFER oI KY 2% % L7z Ringer %
1 IE# Ringer WoBE& L AKEAD bR
—Freair sk sBEERL Kt #%kE
THIER IS THEREA L

D. i Ca* MBS X ORABAK S
X3 Ca?* free Ringer &

Table 3 1z » 52 U EGTA ¢ Ca?t 4
HEZ o8 ks L URAEERSY Ca? free
Ringer e Ah, XLRT7FVvFV v, 247
FUr ) vBIOEr A VYEEN LD
BEEREYTLLLDOTHS. fi Ca?t 4@
I LB BT, £EY X HBRER
BRI RAEEKOEF Ringer ¥ TOMBRER
BB L TERCES L, TDW P ERITH
3T~B%THh -t KAEMAKZE AT, Ca?t
free Ringer ¥ i& 3 1 ABARERNEILT PV
FIVEBIO /AT FVFY vRE W TIE %
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Table 2.  Effect of K* removal on the oxygen uptake causediby adrenaline,
noradrenaline and pilocarpine in submandibular gland. K* replaced by Nat* and
the phosphate buffer was substituted for Tris-HCL buffer. The other experimental
conditions were the same as described in Fig. 1. Each value represents the mean+
S. E. for seven experiments. NS ; Not significant, *p<C0.001.

02 uptake
' Conditlons (u10,/100mg wet w./hr)
Control Normal Ringer . ul x4
55 it Ad . Normal Ringer 184t 4
na

M Adrenatine t tree Ringer 190 £ 3 NS
Korad 1" Normal Ringer 170+ 6

55 uM Noradrenaline ¢*_free Ringer 177 + 4 NS
, Normal Ringer 198 £ 7

10 uM Pilocarpine K -free Ringer 161+ 6 *

Table 3. Role of Ca?t in the stimulation by adrenaline, noradrenaline and pilo-
carpine of the oxygen uptake by submandibular gland. Ca** -deficient tissue was
prepared in the medium containing 2mM EGTA for one hour. The phosphate
buffer was substituted for Tris-HCl buffer. The other experimental conditions
were the same as described in Fig. 1. Each value represents the mean=+S. E. for
seven experiments. NS ; Not significant, *p<{0.001.

0, uptake
Conditlons (110,/100ng wet w./hr)

Control Normal Ringer + Normal tissue 133+ 2
Normal Ringer + Normal tissue 1794

55 yM Adrenaline ca%*-free Ringer + Normal tissue 175% 6 NS
ca®*-free Ringer + Co*-deficient tissue 102+ 4
Normal Ringer 4 Normal tissue 174 £5

55 pM Noradrenaline ca?*-free Ringer + Normal tissue 175+ S NS
Ccz*-free Ringer + ca?*-deficient tissue 109+8 *
Normal Ringer + Normal tissue 198 6

10 yM Pilocarpine ca?*-free Ringer + Normal tissue 1614 *
602+-free Ringer + ca?*-defictent tissue 118+ 4 ¢
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Ringer W COMFBERE LK L TER /s £
MED LRI oTod, ErALEVYRI5EE
RERERIIBERCHD L.

E. 7Fvsdy, JA7FLVFIvEIY
vrALEVvEETET B Cart Bk
x5 Ca¥t winogE

Fig. 4 138i Ca?** WE I h e £ ERE
D Ca ZyRin LIckOMRERED mERY
FLhDTHD. TFVFIVRIOZ I AT
F vy Vi X AMERE B E 1 0.75, 1.5mM
Ca?* DI 38\ CRAEIR OBEFRIEI v~
DTSR THh - te. Ca?t OEMEEL 3, 5

mM i35 &, BREROEEMNZITRD
bRt —F, Y el vic X 5RERE
1% 0.75, 1.5mM Ca?* o Rs\T7 Frr
JYyRBIBC/ AT VU vieBTBiERER
EFAECH e BREROEERT FLVIFY
VEINIATFUvFY vTEDSLR 3mM -
Ca?r i3\ T80 LR b ishs » i,
5mM Ca? i 5 L iziEBHohic

F. La** oBHEmoFE

Table 427 FvrY v, A7 Fvr) v
BIOECr L VEETR La¥* ZEimL
TR OBREREL N LD THS. 7TV
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Fig.4.  Effects of various concentrations of Ca**
on the oxygen uptake in Ca?*-deficient tissue.
Ca?*-deficient tissue was prepared in the medium
containing 2 mM EGTA for one hour. The phos-
phate buffer was substituted for Tris-HCI buffer.
The other experimental conditions were the same
as described in Fig. 1. *Recovery rate determined
from the corresponding value with normal tissue.
Each point represents the mean for seven experi-
ments.

FYv, JATFFVvFIVEBIPErAILE Y
X AEEEERE 25, 50mM La¥*t 0B
e X - TEHCRD L.

G. Furd4 vOBEMDOEE

Table 5137 vy v, AT FVvFY v
BIOEr AL EVYOEETL nd A viE
LR OBRREREEZTR LD THS.
ZEFVFIVBIO®/ ATV VFY VIR B
EEROREIMTE 05mM 7 e 7 4 vOBEEINC
X o CEHREBELZIT oo loh, BHENE
Z5mM HmT 5 EELWIENE D b h
2. —H, Eeire vtk ABRERO BN
13205, 5mM FTrAA VIR > TEE i
Thic. ZOROHFHISRIIERE & #920%
By, BEEAETH- T

V. & -4
HEYR IR 7> & OWEW 5 W B MR TN LT
T E B (Rice®™). 7o, WK OLIWMEENT

7 Fuv ) AREEL LU = ) VIEBERI X
5> Th{E#EEh% (Leslie et al.??). FHFIRY)

Table 4. Effect of La%* on the oxygen uptake
caused by adrenaline, noradrenaline and pilocar-
pine in submandibular gland. The phosphate
buffer was substituted for Tris-HCl buffer. The
other experimental conditions were the same as
described in Fig. 1. Each value represents the
mean=+S. E. for seven experiments. *p<{0.001.

0, uptake
Conditions (p10,/100mg wet w./hr)
Control 132+ 2
55 uM Adrenaline 172+7
+2.5m La>t bk k5 *
+5m >t e
55 pM Noradrenaline 1725
+2.5 m Lt W5+ 5 ¢
+5m o>t 123k 4 "
10 pM Pilocarpine 194 £ €
+2,5m >t 493 *
+5m >t 1306 "
Table 5. Effect of procaine on the oxygen

uptake caused by adrenaline, noradrenaline and
pilocarpine in submandibular gland. Expermental
conditions were as described in Fig. 1. Each value
represents the mean=+S. E. for seven experiments.
NS ; Not significant, *p<C0.001.

Conditlons 0y uptake
on
(110,/100mg wet w./hr)

Control : 136+ 2

55 LM Adrenaline 180£6

+ 0.5 mM Procaine 168 £ 5 NS
+5 mM Procaine 123£3*
55 pM Noradrenaline 175+ 6 *
+0.5 mM Procaine 179 4 NS
+5 mM Procaine wg+5*
10 pM Pilocarpine 1936
+0.5 mM Procaine 156+ 2 *
+5 mM Procaine 158+ 3

K OBFERIAN A2 —ART7 FLVF ) VD
B X CIEL, ZOTFNERXT + = ¥V
REARF I VOBEMCLI > THH S h 3
(Hagen?, Putney?®)). AEEOETRIAF 2R
WCHT7 Frv+yy, JATFUVFY) vyEBIO
Eeh e vORINC L - CREEBROITED
ETFREIA & Ao bhte (Fig. 1~3).
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Putney & Parod* i35, ' HETFR B

C, A" a—AR LBV 71 VO *Rb
uptake O LN Nat oS hic Lit 2 B# L7
Ringer ¥ C##% % incubation 3% & ZHH i)
HXWDZ EEHEE LT D, F -, Watson et
al3 3= v ARETRECEWTA Y Z7aeF vy
—ABIOPHIASN I —ADHFEMCLET I 5 —
i oA Nat o b i sucrose 1T E#
THEELLIMHEhBC L, ¥z ol
Ringer ¥is1250% » Nat &A% LR5ET
BESMELTWS. o 5 7 Na* (kM
DESIBHEBO B 7T TR
&N Twb. Rosenqvist? 13 v b+ EEFERL
BT Na* o b ic Lit @32 E, /0
7 ¥ v ) VoS RS S h
BT &, Ly oiflix Ringer o Lit
BERBRCEATAZ LEREL TS, AER
CEWTHREERERET 7. 7 FvrY v
FBIEER X0 = U Y FBIERIC X 2 EARIEI DI
#1% Ringer ¥§rho> Na* % Lit = ) vic5Es
CEBRTEEZELIIHE R UL, 20
4z Ringer ¥ H1c50% o Nat mfEe 3
BEAERDLRIeh 7 (Table 1), Thb
DfES: Watson et al.3 o4 LELL, 7
FUra ) v L0 =) VIFBIEOMRERDIT
HEHSIT Nat KESE 2 RTH, Bk d o
TRz ERRBE LT3, ¥, Ringer %
o K* 0BfERE\WT, 7 FUr U vIEBHE
DEAFEROLHERE S Ringer a5 K*
wEELTHRD LRI, —HD= ) VIEE)
KOBFREROTLERZIERCH G S i
(Table 2). v r H A ¥ vOBREERDOTEES
EEWTULEZEHL Nat o flux X7 b Tre
<, K flux 3 EBEAFEHLZEL D30 L
Bbihs.

BIB8EN LD 7 ¥ vy v 4 i (Doug-
las & Rubin?®’), FEAKRRTED B DOERER * v
= v 45 (Samli & Geschwind®®) 18 & Jig
s L0 2 FTFRECET 5 HBE K ©
wime kAR EROITHE Bk & FEH,
Komabayashi et al.’®®) & Ca®* A EE/&E

EOZ L EAMRE R T v B, Miller &
Nelson??, Koelz et al.'¥ 5115 » FETFRIC
BWTT7 FVvFryvRed vy 7Feiv) —AiLk
%7 35 —EDkkH & Ca? uptake & O
BB I EERE LTS, ¥, H
FTRECEWTH7EF L2 ) v LT VL
YVVIRXBT I —-EokHBE R C¥t 0E
BRSBTS (Douglas & Poisner®).
KEBC BT, 7FVvFV AFBEE LW
2 ) VIFBNERIC X ABMREROUE I Cat
MIBAHE Lo e s VT EBEclE X h o
(Table 3). i Ca®* MB35 Ca?* D
WINEBRIT RS \WT, 7 FVvr Y YIFEIR X%
BERERT 3, 5mM Cat o¥Einc+47cEE
NEBL. —F, 2V AEBRIC X 2EHR
BHUX SmM Ca*t oFEmCcEENRD bhic
(Fig. 4). chbofERr7 Frvry vIEE3E
B IO =Y EBIEOMI Ca?t ERENR
BT rumR¥ds. EdiLick 5w EGTA ©
Bt Ca?* B A i L ik 0B R EREILE Y
CRADTHZ EAHB LA, Lhlahbo
BREROTTHEL RSN S0 Ca*t entry ©
WETHONE S DELMTR. FELILR
MR A A Ca? free Ringer %+ Tk
DEDODEY X ZBARERLIE L, FED
HEREERLI. TFVFIvEIO /AT K
V) VI X BEREE B o oL # 1k Cat free
Ringer B iz KWW T3@AHBhi. —F, €r
HANE VX HBFEBEIUIER Ringer §TOD
FASRIBI & Ll LR R e 2R Lieas, L
L, O VA_AEEN - B FRERNCHE
ET% Catt BEITHTHS2, hboff
Bhb, BEOLRT7T Vv vRIB /AT E
v Vi X ABEEIUL Ca entry %t
s b, —Hreritvic X 5BIRERL
—#o Cat entry ES D EE L2 TW5.
Cohen & Gutman® (35 » FEIB I 5\ T
56mM Kt ik naa5a—n17 3 vo il s
1mM La** o@HEMIKE XoTH L L M
hdoErHEELTHS. T, Keryer &
Rossignol'® X 5 v F HETFRIZBVTHL 2
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— iz x5 Ca?t uptake o#fns 1 mM Lad+
DBHFEMC L » THHR S WD Z E2HEL T
%. ZEFE ST RIS s\ T 57mM Kt 7
LU 5X103M 72F42) YitXkBH R
SETIR OMFREROHEMA 6mM La** 0Bk
e k- THEIEhs Z ExHd Lic. AFER
THWEZ » PETRYRFECREWTHE 7 F L
Vv, JATFUVFY)VBIOErALE VT
Y AR EEROTTEN 25, 5mM La¥ 0BHR
X - TELIIHEII W 5 2 LEFERLT
(Table 4). = h o La* oW4iB iz Ladt o
Ca?* channel O, » %\ xffaR Ca* o
BExiiE L ERERBLICIDLEE LD R
5.
BFREER I @EE O Nat, K* o gz
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Comparative properties of native and modified
forms of urokinase
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Department of Dermatology, Hiroshima University School of Medicine, Hiro-
shima, 734, Japan. 2 nd Department of Surgery, Hiroshima University School
of Medicine, Hivoshima, 734, Japan®. 2 nd Department of Physiology, Miyazaki
Medical College, Miyazaki 889-16, Japan**.

Urokinase (UK) (EC 3. 4. 99. 26) is probably the most promising thrombolytic agent
known at present. However, it is well known that different molecular forms of UK exist
in commercial preparation, so that the thrombolytic effect and plasminogen activation
activity may vary®. Recently, we purified two different UKs, HMW-UK and LMW-UK?Y,
and also a new UK, the functionally active heavy chain of HMW-UK (H-chain UK?Y),
using affinity chromatography. In the present study, the physicochemical and enzymatic
properties of these purified UKs were first compared all together in a purified system.

Native human plasminogen, Glu-plasminogen, was purified as described previously®
(giving 96% Glu-plasminogen as NH,-terminal amino acid). The molecular weight (mol.
wt.) of UK was determined by gel filtration on Sephadex G-150 (0.1 M phosphate buffer
containing 0.2M NaCl, pH 7.4), or by sodium dodecylsulfate (SDS)-polyacrylamide gel
electrophoresis. Isoelectric focusing was performed by column method using carrier
" ampholytes of pH3.5~10. Protein concentration was determined by Lowry method using
bovine serum albumin (Armour Pharmaceutical Co.) as a standard. Determinations of UK
activity with pyro-Glu-Gly-Arg-pNA and the kinetic parameters were obtained in the
manner described by Wohl et al?. Active site was titrated with p-nitrophenyl-p/-
guanidinobenzoate (NPGB). In a solution containing UK, Glu-plasminogen and H-D-Val-
Leu-Lys-pNA (S-2251, Kabi Diagnostica), Glu-plasminogen is converted to plasmin, which
subsequently hydrolyzes the H-D-Val-Leu-Lys-pNA. The amount of paranitroaniline
produced is recorded as a function of time and analyzed to give the corresponding rate of
plasmin formation. Preparation of each UK was carried out as follows : Mol. wt. 53,000
HMW-UK, which has been thought to be represent as the native UK form"?), was purified
from a commercial preparation (The Green Cross Co.) by affinity chromatography on [Ne-
(e-aminocaproyl)-DL-homoarginine hexylester-Sepharose column followed by Sephadex
G-100 gel filtration, as described previously®. Mol. wt. 33,000 LMW-UK, which has been
thought to be represent as an enzymatically modified UK form, was also purified by the
same method from a commercial preparation (Mochida Pharmaceutical Co.)’. Mol. wt.
36,000 Tryp-UK, which is a trypsin digested form of UK, was prepared from HMW-UK
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by a method based on that described by Lesuk ef al? :One fifth ml of trypsin (Sigma
Chemical Co. ; 0.86 1g/0.06 M Tris-HCI, 0.1 M NaCl, 0.01 M CaCl,, pH8.0) was added. After
incubation of the mixture for 5 hr at room temperature, the Tryp-UK was separated by
Sephadex G-100 (Superfine) gel filtration (column : 1.0x150 cm, 0.1 M phosphate buffer
containing 2M NaCl, pH7.4), and then purified by affinity chromatography on [Ne—(e-
aminocaproyl )-DL-homoarginine hexylester)-Sepharose and Sephadex G-100 gel filtration,

Table 1. Amino acid composition. UK samples were hydrolyzed for 20 hrs in 6 N
HCl at 110C. The given values are not corrected.
HMW-UK LMW-UK H-chain UK
Residues/53,000 Residues/31,500 Residues/31,000
mol. wt.* mol. wt.* mol. wt.¥
Lysine 33.3 18.1 18.3
Histidine 21.3 9.6 9.3
Arginine 25.5 14.3 14.8
Aspartic acid 43.4 21.6 23.6
Threonine 30.3 214 18.2
Serine 313 21.7 16.9
Glutamic acid 52.0 32.0 29.5
Proline 26.7 16.1 17.0
Glycine 459 29.3 30.7
Alanine 21.7 133 14.8
Half-cystine 19.8 9.7 10.0
Valine 22.7 13.0 18.6
Methionine 2.6 3.8 19
Isoleucine 204 15.8 145
Leucine 379 23.1 21.2
Tyrosine 18.0 12.8 8.9
Phenylalanine 135 9.2 8.6
Tryptophan — — —
Total (470) (285) (277)
: . Lysine . .
NH,-terminal** . Lysine Lysine
Serine
* Values determined by SDS-polyacrylamide gel electrophoresis,
** NHp-terminal analysis was performed by dansylation.
— Not determined.
Table 2. Physicochemical properties.
Molecular weight Isoelectric Specific* Active site**
- point activity titration
Gel filtration SPS-polyacrylamide (IU/mg_ (NPGB)
gel electrophoresis (pH) protein) (%)
HMW-UK 53,800 53,000 _ 89 124,000 96.5
LMW-UK 33,200 31,500 ao o8 T2 230000 91.2
Tryp-UK 36,000 36,000 - 101,000 46.8
H-chain UK 33,000 31,000 — 208,000 87.0

* Determined with pyro-Glu-Gly-Arg-pNA substrate,
** p_Nitrophenyl-p’-guanidinobenzoate titration,
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as described above. Mol. wt. 33,000 H-chain UK, which is a functionally-active urokinase
heavy chain®. After 5.2mg of HMW-UK had been reduced with 0.01 M 2-mercaptoethanol
for 10 hr at 25C and alkylated with 0.015M iodoacetate for 15min at 257C, the H-chain
UK was purified by affinity chromatography on [Ne-(e-aminocaproyl)-DL-homoarginine
hexylester}-Sepharose and Sephadex G-100 gel filtration, as described previously. All puri-
fied preparations were homogeneous on analytical polyacrylamide disc gel electrophoresis
and on SDS-polyacrylamide gel electrophoresis.

Tables I and II summarize the physicochemical properties and amino acid compositions
of the UK preparations. The results for LMW-UK, H-chain UK and Tryp-UK were very
similar. This is probably due to a similarity in molecular structure between the enzymes.
HMW-UK has two polypeptide chains of about mol. wt. 33,000 (heavy chain) and mol. wt.
20,000 (light chain), linked by a disulfide bond"¥. In contrast, LMW-UK has been shown
to contain a single polypeptide chain'%. H-chain UK and probably also Tryp-UK lack the
greater part of the light chain of the UK molecule®. This is suggested by the results of
NH,-terminal analysis of the enzyme molecule. All enzymes except HMW-UK revealed
only one NHy-terminal amino acid of lysine (Table I). Furthermore, we have recently
prepared rabbit antiserum against the light chain of the HMW-UK molecule. The antiserum
reacted and inhibited the activity of HMW-UK, but showed no effect on LMW-UK or
H-chain®.

Comparative kinetic parameters for Glu-plasminogen activation were also examined.
The apparent Michaelis constant, K, (0.63 zM), and the catalytic rate constant, k.. (281
min-!) of HMW-UK were lower than those of the LMW forms, such as LMW-UK, Tryp-
UK and H-chain UK (K,1.8~2.2pM, k., 44.1~51.7min"!). Thus the calculated overall
second order rate constant, Ke../Kn of HMW-UK (44.6 M ~'min~!) was approximately twice
those of other LMW forms (20.0~26.1 uM~'min~!). This may indicate that native UK
(HMW-UK) is more effective than the modified enzymes for the activation of native
plasminogen.

Studies on the detailed properties and biological significance of the light chain of the
HMW-UK molecule are now in progress.
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