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STUDIES ON URINARY TRYPSIN INHIBITOR (UTI)
—A NEW DETERMINATION METHOD OF UTI—
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A new determination of urinary trypsin inhibitor (UTI) was developed from casein-plate method.
We studied the relationship between the activity level of UTT by the present method and the activity
level of urokinase (UK) by fibrin agar-plate method in various renal diseases.

A sample of trypsin solution (Sigma, type 11, 25 mM Ca?+) was adsorbed to a filter paper (5.8
X 5.8 mm), and lyophilized to be fixed. Then 5 gl of urine was adsorbed to the above. It was applied
on 0.059% casein-plate (10 mM Ca?t), and incubated at 37°C. UTTI activity level was determined
in lysis area of trypsin.

The results were well correlated with those by the test-tube method already reported. The
procedure of the present method made it possible to test more simply compared with conventional
methods.

The amount to inhibit 1 pg of trypsin was assigned to be one unit, as for UTT activity. As for
UK level in urine, UK was determined by fibrin agar-plate msthod with commercial UK (Green
Cross Co. Ltd..) as the standard.

The results are as follows:

1. Normal human urine contains about 4.1 units of UTI and 11.1 IU of UK per ml. UTI/
UK is approximately 0.4,
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2. The urine of the patients with renal disease showed high activity level in UTI and low in

UK.

If UTT originated in blood and UK in kidney, it would be clinically useful to study the correlation

between those two for the clinical tests of various renal diseases.

In the present study, it was confirmed that UTI purified by the following methods corresponded

with the antiplasmin activity in urine.
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RS & LT3, leusine aminopeptidase (EC
3.4.1.170, HEBBIKERE (EC 1.1.1.2799, r-glu-
tamyl transpeptidase (EC 2.3.2.274:% & A 3 alka-
line phosphatase [EG 3.1.3.139 73 ¥ £ EOBEEIEE
KRB SHIN T 5. bivbiud IRD #ER
BROBEIINT, EHE e MNRAIICEED urinary
trypsin inhibitor (UTD)HS7EFET % C &, 35 L O native
UTI D4y 7812 67,000 Th 5h3, REERERITFRE
{ &4 F £ 45,000 5 % £ 23,000 > 2 > (O modified

Tl

UTI 25U % C &7 BT TIiE Lo,

IR BIERER TH % arokinase 1L OF
plasmin inhibitor #HSZE7E 11,12, & {4 urokinase
CDWTIE 2 OFUFEHEYS B D4Rk activator DM
E—HL, COBZREEZMAPHEEELER L KT
3 EPRARGEIN QO ABD,
RADORISREEFICBEL T, bhvbhid trypsin-
paper, ¥4 P PREENE HL UTL sk
ZHFEL, COFBREIMEROAEE L HEETHOE
EBIWC & 2B LI 2 LT LOHEEE 2 AW
THREBHEEBED UTI 2HE L, R urokinase
FEHOBE L Db U TERD 2R 2/ IOT
HET B, 35125 HEOEERITISU T arginine-sepha-
rose & trypsin-sepharose |2 % % affinity chromato-
graphy ¥, 35X (X sephadex G-100 # )L 5@E8:CT
BHani: UTI o0 CEDHTS S R AEHE 218
FHUTc#EE, UTI )3 urinary plasmin inhibitor (UPI)
E—ET B L EDVHRBINIIDOTHOETHRET .

RBHRLLSTICHRERR

CODEBICHER LI o VBN Y 722 Sigma
#t (Type II) @ 4 O %A, urokinase CiFHE(L I
Toe b e PTRAT LR TRVHE (KR & gt
firz.

1) Urinary trypsin inhibitor (UTI) DHIE %

bbb BT Lz UTI OFFfeaELEl, 25 mM

CaCl; %&¢p 0.1 M Tris-HCI 8#yk, pH 7.4 1Tif
BLIZh ) Ty 2RI, BUESTERUT-ARESHE B

PEAHE No. 50, 5.8x58mm, 0.2~15ug O Y F
vrREl) PERRCEBL, ohig Sel OR%
W X+, AHEHOBE MY T Y L EE R B €4 T
BERACTHRESTAHETH 5. ReRINIBIAH
B 1€ A4 MBS BEL, 37°C (D incubation
®, BUNBHEOEE (mm?) 5 UTI OR %k
HUTz. RT3 HE1 CEHIL, 1g OER (Dt
WiZE) WEBAKB L 10ml @ 0.1 M CaCly; 241¢r
0.1 M Tris-HC! $#55%, pH 7.4 WMz, 70°C THn
B, BEELZHS Sml D1 %A VBER (5K
M ¥ 1 L REEKTE»HL, 1IN NaOH ¢ pH
74T HDT) BMA, FEEKCTEKE 100ml &
T35 (EEEIX005%Hh+¥ 14, 10mM Cazt, 10
mM Tris-HCl, pH 7.4 &7:3). DK 20ml %
Bond It kFrg 525 1 v o B (GREP 76X
22.5em) IZFRL & &, A E CHEAL, £°CIRTRE
Uiz, ZO&5 LTSNy ¥ 1 P —E
MERINAT.. »¥ 4 EHRAIERDER % Fig.
LwwRrUtz. UTI o184 (U) i, leg DY T
2> (Sigma, type II) Db+ 4 HREME 25241
FHET A E Uts, 23 TIeE Lo ¥ vy
B (REREER) 1k B UTI fi5zges1010 2 EkiC
BT, RROFEEE TEIE S BB L.

5 1 Urine

o
() Filter paper (5.8 x 5.8 mm)
containing

0.2 pug trypsin
(25 my gg*)

Casein-plate
0.05 % casein

1
/z°°°°/1ozma%:£+

[ 10 mM Tris-HC1
pH T.b

37% Incubation

/@@@@o/

Fig. 1. A new determination method of UTI.
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2) Urokinase (UK) OHIFE &

RA3®D urokinase (UK) (DiEEit Ploug & Kjeld-
gaard'® (D7 4 7Y LEMFER L, TR urokinase
(PSS 2 s U CBR@BEOERL b i (IU)
PEM LI

3) Urinary plasmin inhibitor (UPI)

0.25% ¥ 1 »Bifif (CU) OiFE2ET LTI 23 »
0.1ml je3El N4, 20°C, 5418 preincubation
BRIz, BET LTSI R UERRTTIRE
EUIH ¥ A VRSO CRE LTz, SBIHIER
T 01M v B @i, pH 7.4 %, 1CU 0
TAZLDAE A o FEEER eI HET B E
UPI @1 Bfiz (U) & U7z

4) UTI QA%

bNONWHEFE L, I TCIKt#4 Uiz arginine-
sepharose 381010 ¢ UTI % ksl U1-. cpAds)
L 10! OF#E e ME% 3.5M NaOH ¢ pH 8.5 &
U, AT T5E% 4N HCL ¢ pH 5.0 wabi,
K THMBICH L, arginine-sepharose # 5 4
(10x60 cm) 2Ry UTIREHE LIz, 4B7 v
= FRICTHEHBICHMEEERL, e UTI 2488
BREREAE LUCHERLI.. CORER6EBIE -
ToREERL, 10! OEp 5 UTI oEINE L 27,500~36
000U (15 33,0000) Th b, T OEEHOHEE
i3 230.4~310.0 (3785 265.8) U/mg BETH - 12

5) Trypsin-sepharose HS5 L - QT PSS
4=

TTICREL 7258819 CPEBIL 12 trypsin-sepharose
A7 5 (14%X5cm) % 0.2M NaCl #&% 0.05M
Tris-HCI, pH 7.8 TRl L, U 3RO arginine-
sepharose YAHEE % LE00 BEKICTENBE LN
124 UTI % Sml (3,100~4,300 U) % apply L
72, 30 ml OREHEIR THEEE, 0.2M NaCl %4ie
0.02N HCI ¢ UTI ZEHUT. B% UTI i, [H
IR 75.7~93.2 (g 88.0) 95 T, ZD HiEHIZ
740~1,300 (P47 1,240) Ulml BETH -T2 k%
BEEo UTI EmHofiEE, #HElz 01M vy g
B, pH 7.4 TEFBICENERBCIS 57z,

6) Ewig UTI OE#E

_3RD arginine-sepharose 33 J: ¢F trypsin-sepharose
BT ABRGCTEREEEUI UTT 3, 0.1 M 9 8
B, pH 74 CTBHRICHKEZE L TREL I
O BEHRNE (& UTI &k 18,000V, Hs#k:
1,070 U/mg HH) # 2ml @ I M jRFE, 1M NaCl
ol 0.1M ) CRRERK, pH 74 WHEML, H

S G L LTz 2.5 x40 cm 0> sephadex G-100
A7 A apply U, FABBUN. L OBEONHE
3 14mlEfT, F5h5 WO Sml §0% YEL
T LOFVBBITEHNTY VT LT E 2 (BSA,
Sigma #484) OAIEHICHI YT 5 TINS5 tube
No. 15~20 (F& 67,000+3,000) o> UTT 4%
B, EHKTBRRIC BREZRL, TheSEA
BEANKE S L U7 disc-BAkE AREENgE L. s
2k 3 BB 11,000 U, EUUHIO HiGHL
1,380 U/mg HHTH - Iz

7 FELERKE

Ampholine 8100 (LLKB Produkter AB) % >,
carrier ampholite (1 %) 13 pH &g 3.5~10, k5
UTI 3mg (UTI 4,070 U, B 1,380 U/mg EH)
PEELE LT 4°C T 700V, 43 B OKEI 2B s
- 1217,

8) Disk-ERXE

Davis OFEICHE, KU 72 YU T KA L
X 7.5 %, 0.05M Tris-glysine &%, pH 8.6
ZRVEE LI

9 BESH

SHERIR AER OB (Be B, L3fl, Vi
36.35%), BEER6H (B34, k3fl, Vg
48.05%), A7 v—viEERE6H (52, 4l
AR 25.8 %), 1BHERIRAE R 18] (B1351, Z
55, SPEER 38.45%) 5k NRFEBEEL0H] (56 4,
4 fl, FERA2.35) KON T ¥ A X% H
WieHERET UTT EEE2PRHET S L & 81, 7 ¢
T B - T UK FBEREELT.. $72C
NHDOERRE & HBES$ 2 12D 1980563k b 1
HEREAIA (BMA, &5 A, FHERH314R)
PRME LT R, BEEO HET UTI 3L UK
TEHERHEE LT

BRELUEER

1) R UTI DER

YT BEl FIBESHE (trypsin-paper) %EER
RICHW, F€4 - ERE2WR LT UTT OFF L
EREO BRI UTDOCELTHS. Fig. 2 Tan
nAESEE 5.8mm O AHEIZ micro-syringe
T5ul ORPENER, Zh% 005 Bu¥ 4 F
RICEEE 3T incubate 975 &, BERICI DAL S
TR EONBBBEDEE (mm?) RPIKETh 5
UTI &z KEF§ 20T, COmEBEZHIT S C
tiwkh UTL QRIFEH AIRETH 3. Fig. 3 3 4w
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Fig. 2. Casein-plate showing the inhibition of trypsin activity by UTI. Trypsin-paper

used contains 0.8 #g of trypsin,

( mm

Lysis area

1 .5 10 2’0 50 10‘0 200
UTT ( ug/ml)

Fig. 3. Standard curve of UTI activity. Tryp-
sin-paper contains 0.2 or 0.8 pg of
trypsin.  After the application of 5 pl

of several units of UTI, incubated for

10 hrs at 37°C.
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B N=TT
) T=0.993
y=0.992x +0.47
20 T ‘
0 60 (U/m1)
Tube method

Fig. 4. Comparison of the UTI activity with
tube method and new casein-plate

method.

and incubation time was 10 hrs at 37°C.

AR T I LT o f e UTI ggh (Bt
1,070 U/mg E[) Z N ToMits T, »E4 v A
EOwEMEOHR e UTL %L D ?ﬁ::n’lwumﬁu
FloMRzEy s, F1oco UTL JIELOfi%
THE Lo v A L GRERTETE) ORSALE K
T5 &, AR r=0993 riiFiak (HETAC
LA L 7. (Fig. 4). 2@ “enzyme-paper” -
B2 % enzyme inhibitor O HITEH: (R EHMHL
THIED & L, BFELE LTI TITRLICh
My FE by Tor,
E#, FIERELTT7 4 7Y 2,
ST X, 4 #%i3% M inhibitor OREITIL S &
nasoEiibii. bhbiuzcd UTI OFiEht
R FIF‘ SO BF IR B FROWE TG L, K
i UTL & UK OEfR7% it Lz, Table 1 TR
FCEL, HBFETUELICIER € MR (198UE) @
13 4.08+1.06 U/ml, 74 702 Ehin: CHlE L1z
UK 3 11.07+2.441U/ml T b, UTI/UK=0.37
L h. CAUTHUTESEE T UTE 2354
UKpiE <, UTH UK X 2 B @ nh,
MW 2 2 &btz T 2RI

VLU
Ay —+, TTRAIUEQ

A= EY

Table 1. UTI and UK activity in patients
with various renal diseases.

No. ot  UTI (U®) UK (1U*)

Coses (Meant SD) (Meant D) UTH/UK

Diagnosis

Acute 9

L 454:098 1267+259 036

Pyelonephritis 6 410+ 081 921+283 045

Nephrotic syndrome 6 1180+ 723 7.02+ 3.31 1.68
Chronic 2

glomerulonephritis 18 1430561  708:235 2.02

Uremia 10 469+£1290 067+071 7000

Normal persons 19 408+1.06 11.07+244 037

* Uor IU of UTI or UK in 1.O ml of urine which was collected
for 24-hr
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B9 %L, IUAREBRE L UBEER T3 UT],
UK 5L UTH/UK 3 W3 IERAED BMTE
BOERAEDIEP -T2, U UIBHRREE R &
K 7w~ ERED UTI g2hsh 14.30+£5.61
HBI T 11.80x£7.231U/ml & IEE AT L 275 0 EfE
T, UK i32h% 7.08:-2.35 33 % (F7.02+3.31 &
k<, UTHUK Hiz2hF N 2.023 L 08 1.68&
WG EELVEEZ2 RUTL. &I REBETR
UK pxbwTEL, UTI ¥EE<Td 20 UTL
UK (3700 & [EF & MR, &30V iEfoBgrREIH
LT Ebd TEWERRLU. SEOHEZELD,

BEEDERD 5 5T BHELUIES, H303EE
=D WNEFNTE UK (&<, UTL WEEE s
b, UTI/UK HOWMHELS 384 H 5 b5 b D EHEE

Table 2. Affinity chromatography of UTI on
trypsin-sepharose. 5ml of the arg.
sepharose eluate (3,315U, S.A.=
273.5 U/mg protein) was applied on
a column (1.4x5 cm) of the trypsin-
sepharose at a flow rate of 1.8 ml per
min at 4°C.  After the column was
washed with 30ml of 0.05M Tris-
HCI buffer, containing 0.2 M NaCl
(pH 7.8), the UTI adsorbed was
eluted with 0.02 N HCI containing

0.2 M NaCl.
Protein UTI UPI
{mg) (u) (U}
Arg-Sepharose 12.12 3,315 1S

Trypsin-Sephcrose
non-adsorbed 8.13 bl N.D.
HCl-eluate 237 2,830 085

N.D. ; not detected

R

0.5

Ihic.

2) 8! UTI OISRV ER

Arginine-sepharose 1 CigfE L 7o R&EH (UTI 3,315
U, HiEdE 273.5 U/mg #EE) % trypsin-sepharose %
F A4 (1.4Xx5cm) Tk % affinity-chromatography iz
WIT UTI »2, pelsg, 0.2M NaCl 25
0.02N HCL TiHL, #FBEME s s UTL Eitis
Y H T =T EE (UPL) %EIE LT, Table 2
Rg & i UTT & & i UPL DI3ig &fEHNS
trypsin-sepharose (TR S, F7EBERME CIAH X
N3 EMbh-ie. BEEROWESER pH 1~4 O
Bt C 100°C, 154y OmEiC L hEFRS, &
b T HEEWRTH -T2, FRBEHKE 2ml 2 1M

400

300

UTI (Uu/mi)

(¥——= 0.D.750)

r200

100

% T T T

10 20 30 40 5107
Tube No. [Smi/tube)

Fig. 5. Sephadex G-100 column chromatography
of UTI. Column: 2.5x40cm, 0.1 M
Phosphate buffer at pH 7.4 containing
1M urea and 1M NaCl  Apply:
Trypsin-sepharose eluate 2 ml (18,000 U).

UPL (U/ml)
UTI (U/ml)

\
.
o
O
Al
-
(=]
o

50

10 20

Fraction No.
Fig. 6. Isoelectric focussing of UTI.

30 Lo 50

(35 drops/fraction)

3.0mg of UTI was submitted to

electrophoresis using a 110 ml column of carrier ampholytes of
pH 3.5~10, at 4°C for 43 hrs.
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Fig. 7. Polyacrylamide gel electrophoresis of UTI. Highly purified UTI (ca. 200 ug
of protein) was subjected. A. Human serum; B. UTI, respectively.

JRFE, 1 M NaCl %24t 0.1 M ) LB, pH 7.4
TWH L U7z 2.5x40em > G-100 # T £z apply
U, 753 5E, UTI E#HIIZIT BSA OfiE
HEH R, S 7RI3031F 67,000+3,000 TH 5 C &
hibhro1c (Fig. 5). —J5 trypsin-sepharose Tl
U1z UTI % & 542 sephadex G-100 (T X %%V A3
TR L 7oEstE UTL 3mg (UTI 4,070 U, JhiFts:
1,380 U/mg &) 2FERATEKKIICOTTIZET S,
Fig. 6 (z53 & 91c UTI M3 X by TE BRIz
BINTHPH2.0 iTEB ¥~ %R0, Fic UPI
Y UTI v— 2 =T A b1 Fi
disc-FEAUKE) TR I H—DEAR 2R L, i
i prealbumin [Z—F3 5 T & h3bh - 7o (Fig. 7).
DLEORERE D, D14 & BRI T S 2 T L O%iE
#id UTL 2L 3§ o c@bhre.

fzit Prokusch 520 Hochstrasser 520223 A0
FEHODOPEWE LTS L ST, KD UTL (ki
inter-a-trypsin inhibitor &AW I KE ZEEED trypsin
inhibitor & HUEHMEZ2FE U< U, UTL i&ftdid 503
##8k inhibitor O JHMER IS 5 D EABA ST
5. Ft UTI 5L FZ20[RIBMEIEE A LN S in-
ter-a-trypsin inhibitor & B D BfRIZ DUV TI,
Hochstrasser 0,29 | 3BHEEFEDME 9~ % & A1 nter-a-
trypsin inhibitor 2SI 5 C &, BL FZIULEDS
inter-a-trypsin inhibitor 7s5, X 512{4rF O inhibitor,
F0b UTL ~D s D BRE%2 § > T A7
DT & HEIL T WA, —75 UK (3 B
@D activator EHUEMDS—HT A EXREINTH
his~1s - F - 5T Bernik & Oller2 )3 v f OB
IR 1tk b pre-UK ZyHERBIL, DDl
TIAIURVERIR A EICL > TEER UK #
BHrC LRy UEOTELHWEHE i
OBIfRIZ <, UTI k¢ UK, &5z UTIJUK
WRHET 5 C LIZEOMIE 223 5 LIcdRIich

BT LA DETRISNA.

19554F1T Schulman2s) i34 UTI 234175 2 3 L%
P25 L WEL, UKD L OWEEICL IR
7T A EHICET AR INT R Ll
g3, UTL & UPL & OB#HMEIC DN TIZ S 72 45W
i, AHOERIZHSOThvbhig, affinity
chromatography #: & 7L AT UTIL #E58 1
K3 UTL 23 UPL & —¥3 % C & 2REaB LI

TTITHNIZE 5 UTL (228 BOFTRO LD
P H1025520  Fr UK D & DTFRO
Frs 5 3FLULD L OMBMRIN TN AT, 5483
Bl L ong UTI 3518 UK O multiple form
EDBIRITOVTE ISITHH L TOE 2N EEAT
W,

& &
LTSy

1) Urinary trypsin inhibitor (UTI) §E#E:0D Jl5
ITEEHR E LT trypsin-paper % N, HE120.059%
HE A ER D A LDVERERBFELIC. C
DI HEMEDDIEHET, ERAUI R DRI
L AMEME X <ML,

2) CoERkick A RBEEORR UTI Gt
ZRET A & & 1T, SR urokinase (UK) j&{h% 7
4 7Y BEETHIE L, WA 2HEUIZ. 2 OE
1ZiER e MEO UTI | 4.08+1.06 U, UK ;3 11.07
+2.441U, UTI/UK F0.37/Ctbic L T, BT
UTI o#ine UK owfid, Utzhi-T UTHUK M
DORIIN%2 Y, IREETIEE <ic UTIJUK 25 %
RS EAMIHL T

3) EH e MEAO UTI % arginine-sepharose 35
J ¥ tryspin-sepharose 7% J{jy 7z affinitiny chromato-
graphy THHI L, X512 sephadex G-100 %)L %3
T D IR THE L T 2 QY B B 2 M U
7z, K5E UTI (34 7-H% 67,000+3,000, 2558 5038
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