PROGRESS IN
FiBRINOLYSIS

VOLUME VII

Editors

John F. Davidson

Department of Haematology,
Royal Infirmary,
Glasgow, Scotland

iViaria Benedetta Donati

Istituto di Ricerche Farmacologiche ‘Mario Negri’,
Milan, Italy

Sergio Coccheri

Associate Professor of Medical Pathophysiology,
Istituto di Patologia Spec. Medica I,
University of Bologna, ltaly

Under the auspices of the
University of Bologna, Italy

> >
HHH
MININ

—

CHURCHILL LIVINGSTONE
EDINBURGH LONDON MELBOURNE AND NEW YORK 1985

[&



54. Insight into biosynthesis of human
urokinase forms
L. Flohé, G. J. Steffens, W. A. Gunzler,

F. Otting, H. Heyneker, W. E. Holmes, M. Rey,
P. Seeburg, J. Hayflick and G. Vehar

The molecular identity of urokinase-type plasminogen activators and the
interrelationship of different urokinase (UK) forms have been debated for years.
At least three distinct forms of urokinase have been characterized: a high
molecular mass form consisting of a single peptide chain (SC-UK), a high
molecular mass form consisting of two disulfide-linked peptide chains (HUK),
and a low molecular mass form (LUK) also consisting of two peptide chains
(Giinzler et al, 1982a). The complete primary structures of HUK and of LUK
have been determined (Steffens et al, 1982; Giinzler et al, 1982b). Moreover, the
entire cDNA coding for UK has been sequenced (Heyneker et al, 1983). A
synopsis of the information available now allows valid conclusions as to the
structure of the physiological UK precursor and its conversion into the various
UK forms. §

Comparison of the amino acid sequences of HUK and LUK reveals that LUK 1s
generated from HUK by limited proteolysis of its A chain, as the A, chain of
LUK is contained in the A chain of HUK near its C-terminus. The relationship of
HUK and LUK with SC-UK is evident from the sequence of cDNA reconstructed
from overlapping cDNA fragments coding for UK sequences (Heyneker et al,
1983). The codes for both UK chains are present in a single coherent coding area
of 1293 base pairs, as schematized below:

No. of
base pairs: 75 3 57 471 3 759 3 > 900
pee——oi} e = e it s
Coding for: untrans- Met signal  A-chain Lys B-chain stop untrans-
lated peptide lated

Figure 54.1 shows the amino acid transcript of the entire coding area. It 1s
consistent with the amino acid sequences determined chemically, as far as they
are retained in mature UKs. The sites of putative proteolytic processing of the
primary expression product (arrows) suggest involvement of trypsin-type
activities in most instances. The resulting sizes and N-termini of the most
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H—Het-Arg-A]a—Leu-Leu-A]a—Arg-Leu-Leu-Leu-Eys-va1-Leu-vaT-Val-SEr-Asp-Ser-Lys-G]y—Ser-Asn-G]u-

10 , 20
Leu—His—G]n—ral-Prn-Ser-Asn-Cys-Asp—Cys-Leu-Asn-G1y-G1y-ThraCy5-Va1-Ser-Asn-Lys-Tyr-Phe-Ser-

30 40
Asn-I1e—His-Trp-Cys-Asn-Cys-Prn-Lys-Lys-Phe-Gly-G]y-G]n-His-Cys-GIu-I]e-Asp-Lys-Ser-Lys-Thr-

50 60 70
Cys-Tyr-G]u—G1y—Asn-G1y-His—Phe-Tyr-Arg-Gly-Lys-Ala-Ser*Thr-Asp-Thr-Het-G1y-Arg-Pro-Cys-Leu-

80 90
Prn-Trp-Asn-Ser—Ala-Thr-VaT—Leu-G]n-G]n—Thr-Tyr-Hi5-A1a-His-Arg-Ser-ASp-Ala-Leu-GIn-Leu-G1y-

100 110
Leu-G]y-Lys-His—Asn-Tyr-Cys-Arg-Asn-Pro-Asp-Asn-Arg-Arg-Arg-Prn-Trp-Cys-Tyr-va1-G]n-?al-G]y—

120 130 ¥ 140
Leu-Lys-Pro-Leu-Val-GIn-Glu-Cys-Met-Val-His-Asp-Cys-Ala-Asp-Gly-Lys-Lys-Pro-Ser-Ser-Pro-Pro-

150 * * * 160

G1u-GTu-Leu-Ly5-Phe-Gln-Cys-GTy-G]n-Lys-Thr—Leu-Arg-Pro-Arg-Phe-Lys-I]e-I]e-Gly-Gly-G1u-Phe-

170 180
Thr-Thr-11e-Glu-Asn-GIn-Pro-Trp-Phe-Ala-Ala-I11e-Tyr-Arg-Arg-His-Arg-Gly-Gly-Ser-Val<Thr-Tyr-

190 200 » 210
Val-Cys-Gly-Gly-Ser-Leu-Ile-Ser-Pro-Cys-Trp-Val-Ile-Ser-Ala-Thr-His-Cys-Phe-I1e-Asp-Tyr-Pro-

220 230
Lys-Lys-Glu-Asp-Tyr-Ile-Val-Tyr-Leu-Gly-Arg-Ser-Arg-Leu-Asn-Ser-Asn-Thr-GIn-Gly-Glu-Met-Lys-

240 250 . .
Phe-Glu-Val-Glu-Asn-Leu-Ile-Leu-His-Lys-Asp-Tyr-Ser-Ala-Asp-Thr-Leu-Ala-His-His-Asn-Asp-Ile-

260 ' 270
Ala-Leu-Leu-Lys-Ile-Arg-Ser-Lys-Glu-Gly-Arg-Cys-Ala-GIn-Pro-Ser-Arg-Thr-Ile-GIn-Thr-Ile-Cys-

280 290 300 CHO
Leu-Pru-Ser-Met-Tyr-Asn-ASp-Prn-Gln-Phe-G]y-Thr-Ser-Cys-G1u-I]e-Thr-G]y-Phe-Gly-Lys-G1u-Ain-

310 320
Ser-Thr-Asp-Tyr-Leu-Tyr-Pro-Glu-GIn-Leu-Lys-Met-Thr-Val-Val-Lys-Leu-I1e-Ser-His-Arg-Glu-Cys-

330 340
GIn-GIn-Pro-His-Tyr-Tyr-Gly-Ser-Glu-Val-Thr-Thr-Lys-Met-Leu-Cys-Ala-Ala-Asp-Pro-GIn-Trp-Lys-

35() # 360 | 370
Thr-Asp-Ser-Cys-G1n-Gly-Asp-Ser-Gly-Gly-Pro-Leu-Val-Cys-Ser-Leu-Gln-G1y-Arg-Met-Fhr-Leu-Thr-

380 390 |
Gly-1le-Val-Ser-Trp-Gly-Arg-Gly-Cys-Ala-Leu=-Lys-Asp-Lys-Pro-Gly-Val-Tyr-Thr-Arg-Val-Ser-His-

400 410
Phe-Leu=Pro-Trp-1le-Arg-Ser-His-Thr-Lys-Glu-Glu-Asn-Gly-Leu-Ala-Leu-0H

Fig. 54.1 Amino acid transcript of the cDNA coding for urokinase. Arrows indicate putative
cleavage sites of the primary expression product. Asterisks mark amino acid residues constituting

the catalytic center. Positive position numbers start with the amino terminus of the A chain as
determined in isolated HUK.

important urokinase species SC-UK, HUK and LUK are evident from Figure

54.2.
From these data the following conclusions can be drawn:

1. UK like other serine proteases is biosynthesized as a single chain protein.

2. Newly synthesized UK starts with an N-terminal hydrophobic amino acid
sequence (Fig. 54.1; positions — 19 through — 1) never seen in the isolated
enzyme and most probably representing a signal peptide to be expected for a
secreted protein. It appears to be obligatorily eliminated during excretion.

3. In SC-UK, the A chain (positions 1-157) represents the N-terminal and the B
chain (positions 159-411) and C-terminal part of the sequence.
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Fig. 54.2 SDS PAG electrophoresis of LUK, HUK and SC-UK in native (nat.) and reduced (red.)
state. LUK and HUK were commercial products obtained from Ares and Hypolab, respectively;
SC-UK was isolated from a recombinant E. coli strain described by Heyneker et al (1983). The
numbered protein bands shown are further characterized as follows:

=

Sample nat. red. nat. red. red. nat. red.

* LUK UK HUK HUK HUK C-UK SC-UK
Apparent MW (kda) 32 31 49 31 19 48 48
N-Termini Lys,lle Ile er,lle Ile Ser Ser Ser
Chain(s) -B A- AB AB

4. Limited proteolysis of a lysyl-isoleucine bond (positions 158-159) and
elimination of lysine 158 yields fully activated HUK from SC-UK.

5. A, chain of LUK is generated from the A chain by a kind of tryptic cleavage
of the ‘growth factor domain’ (positions 1-46) and the ‘kringle domain’
(positions 47-135) and loss of the C-terminal Phe 157.

Supported by the BMFT of the FRG (Grant PTB 8239).



REFERENCES

Giinzler W A, Steffens G J, Otting F, Buse G, Flohé L 1982a Structural relationship between

human high and low molecular mass urokinase. Hoppe-Seyler’s Z. Physiol. Chem. 363:
133-141

Giinzler W A, Steffens G J, Otting F, Kim S-M A, Frankus E, Flohé L 1982b The primary
structure of high molecular mass urokinase from human urine. Hoppe-Seyler’s Z. Physiol.
Chem. 363: 1155-1165

Heyneker H, Holmes W, Rey M, Pennica D, Shepard H M, Seeburg P, Hayflick J, Ward C,
Vehar G, Steffens G J, Giinzler W A, Otting F, Flohé L 1983 Functional expression of the
human urokinase gene in Escherichia coli. In: Proceedings of the IVth international
symposium on genetics of industrial microorganisms 1982, organizing committee of GIM,
Kyoto, pp 214-221

Steffens G J, Giinzler W A, Otting F, Frankus E, Flohé L 1982 The complete amino acid
sequence of low molecular mass urokinase from human urine. Hoppe-Seyler’s Z. Physiol.
Chem. 363: 1043-1058

216


https://www.researchgate.net/publication/27266803

	5f846c9a-6cea-4f47-8595-c8a913c9274b.pdf
	Flohe et UK 85.pdf
	cpdf1999633913190762703.pdf
	cpdf8708033983120994781.pdf
	cpdf4093418676044191895.pdf
	cpdf3427771803697073399.pdf


