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Characterization of Recombinant Modified Human

Pro-urokinase Which Has an Isopeptide Bond

Hiroshi IIDA
Nobuyuki HONMA
Hisao TAKEMOTO

Recombinant modified pro-urokinase (IPM4), which has two amino acid substitutions (Lys® — GIn and

Phe!™ — Asp) and an isopeptide bond (is0Asp*” — Gly*8), has been characterized for its substrate selectivity

and thermostability. IPM4 has an optimum pH at 8.0—85 for L-pyroglutamyl-glycyl-L-arginine
p-nitroanilide, and the Km value for this substrate is 0.04 mM (37°C, pH 8.3, ion strength=0.15). More than

50% of the potential enzymatic activity of IPM4 has remained after the incubation of one hour at 80°C (pH

6.0). The character of IPM4 is similar to that of the recombinant pro-urokinase (IPMO0) which has the same

isopeptide bond.
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Fig. 1 pH profiles on the hydrolysis of S-2444.
Each proenzyme (IPM4, TM-164, and NAS
(nasaruplase)) was converted to the active
form (IPMa, TM-164a, and NASa) by

plasmin-treatment. The assay was perform-
ed with 0.5 mM S-2444 as a chromogenic

substrate.
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Fig. 2 Influence of pH on the conversion of TM-164( 1) to IPM(II).

TM-164 was incubated at each pH (indicated below), followed
by analysis using HPLC (TSKgel SP-NPR). (a) pH 5.0, 24 h, (b)
pH 6.0, 24 h, (¢) pH 7.0, 24 h, (d) pH 8.0, 1 h, (e) pH 8.0, 3 h, (f)

pH 8.0, 24 h.
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Table 1 Substrate selectivity
Relative activity (%)
Substrate = — — =
IPMOa* IPM4a* TM-164a* TM-164a* NASa*
PyrGR-MCA 100 100 100 100 100
CbzPyrGR-MCA 2 2 4 14 14
GItGR-MCA 43 42 47 74 67
BocE(OBzl)GR-MCA 15 15 14 28 29
BocE(OBz)AR-MCA 10 10 11 20 19
BocD(0OBzl)PR-MCA 1 1 1 3 3
BocFSR-MCA n.d. n.d. n.d. 20 20
BocLGR-MCA 8 7 7 19 18
BocLTR-MCA n.d. n.d. n.d. 2 2
BocQGR-MCA 3 3 3 9 9
BocQAR-MCA n.d. n.d. n.d. 16 15
BocLSTR-MCA 2 2 2 : 6 6
BocIEGR-MCA 1 1 1 3 3
BocVPR-MCA 1 1 1 4 4
BocPFR-MCA n.d. n.d. n.d. 0.6 0.6
BocVLK-MCA 0.1 0.1 0.1 0.4 0.4
BocEKK-MCA 0.1 0.1 0.1 0.3 0.2

Concentration of the MCA-substrates: *10.1 mM, *21.0 mM

n.d.: not determined
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Table 2 Kinetic parameters of UK4 toward S-2444

plot éﬁ) ?ﬂ ?ﬁﬁ% y?
1y vs 18] 0.0414-0. 001 10.940.2 2.6X102  0.999
v vs v[S] 0.0414-0.002 10.8--0.2 2.7X100  —0.997
[SJvvs[S] 0.03920.002 10.7:40.1 2.8X102  0.999

0.035 10.3 2.9 X102t
0. 054 17 3.2 X102

aCorrelation coefficient determined by linear regres-
sion analysis. ®Urinary urokinase, 0.05 M Tris-
HCI1-0.1 M NaCl(pH 8.0)1 , <25°C. ¢ 37°C.
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Fig. 3 Thermostability of IPM4, IPMO0, IPM4a, and IPM0a at pH 6.0.
(a) IPM4 (@) or IPMO (O) was incubated for 30 min at each temperature, followed by chilling on
ice-water, and was assayed with S-2444 as a substrate after activation with plasmin.
(b) IPM4a (@) or IPMOa (O) was treated as described in (a) except for directly assayed without
plasmin-treatment.
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Fig. 4 The time course of the irreversible inactivation by heat-treatment of IPM4 at (a) pH 6.0, or (b) pH 7.5.

IPM4 was incubated at 50°C (O), 60°C (@), 70°C (A), and 80°C (A), followed by chilling on ice-water,
and was assayed with S-2444 as a substrate after activation with plasmin.
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