Origin of fibronectin type Il (FN2) modules: Structural
analyses of distantly-related members of the kringle
family identify the kringle domain of neurotrypsin as a
potential link between FN2 domains and kringles

OLGA A. OZHOGINA,* MARIA TREXLER ? LASZLOBANYAI,2 MIGUEL LLINA S anp
LASZLOPATTHY?

Department of Chemistry, Carnegie Mellon University, Pittsburgh, Pennsylvania 15213, USA
?Institute of Enzymology, Biological Research Center, Hungarian Academy of Sciences, Budapest, Hungary

(Receivep April 25, 2001; FNAL Revision July 18, 2001; AceptepJuly 19, 2001)

Abstract

Analysis of complete genome sequences has made it clear that fibronectin type Il (FN2) modules are present
only in the vertebrate lineage, raising intriguing questions about the origin of this module type. Kringle
domains display many similarities to FN2 domains; therefore it was suggested previously that they are
highly divergent descendants of the same ancestral protein-fold. Since kringles are present in arthropodes,
nematodes, and invertebrate chordates as well as in vertebrates, it is suggested that the FN2 domain arose
in the vertebrate lineage through major structural modification of the more ancestral kringle fold. To explore
this structural transition, in the present work we compare key structural features of two highly divergent
kringle domains (the kringle a€aenorhabditis eleganRor receptor tyrosine kinase and the kringle of rat
neurotrypsin) with those of plasminogen kringles and FN2 domains. Our NMR conformation fingerprinting
analysis indicates that characteristid-NMR markers of kringle or FN2 native folding, such as the
dispersion of Trp aromatic connectivities and shifts of the*tainr'® methyl signals, both decrease in the

order kringles > neurotrypsin kringle > FN2 domains. These results suggest that the neurotrypsin kringle
may represent an intermediate form between typical kringles and FN2 domains.

Keywords: Fibronectin type Il domain; kringle domain; neurotrypsin; NMR spectroscopy; evolution of
protein folds

Fibronectin type Il modules (FN2 modules) are small, com-residues first identified in the extracellular matrix protein,
pact two-disulphide-bond domains of about 40 amino acidibronectin, and in some seminal fluid proteins (Esch et al.
1983; Skorstengaard et al. 1986; Seidah et al. 1987;). Re-
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Origin of FN2 modules

NMR and/or X-ray crystallographic structures are knownnings et al. 1993; Wilson et al. 1993; Oishi et al. 1997;
for the second FN2 module of bovine seminal plasma proforrester et al. 1999; Fu et al. 1999).
tein PDC-109 (Constantine et al. 1992), the two FN2 do- Association of kringles with receptor tyrosine kinases is
mains of fibronectin (Pickford et al. 1997; Sticht et al. more ancient than with serine proteaséselegansandD.
1998), and the three FN2 domains of gelatinase A/IMMP-2nelanogastethave kringle-containing homologs of verte-
(Briknarova et al. 1999; Morgunova et al. 1999). brate Ror-type receptor tyrosine kinases (Wilson et al. 1993;

An interesting aspect of the evolutionary history of FN2 Oishi et al. 1997; Forrester et al. 1999), whereas serine
domains is that, despite their widespread occurrence in diproteases with kringles seem to be restricted to the chordate
verse proteins of vertebrates, FN2 modules are absent froimeage. We may therefore assume that kringles have been
invertebrates, including the completely sequenced genomgsined to protease domains (cf. Patthy 1985) only in the
of Caenorhabditis eleganand Drosophila melanogaster chordate lineage and that the conquest of this novel func-
(cf. the SMART and Pfam databases; Sonnhammer et ational environment may have been accompanied by struc-
1997; Schultz et al. 1998, 2000). It is interesting to point outtural readjustments in the kringle domains.
that whereas SEL-1 genes of vertebrates contain an FN2 Although more than two dozen kringle structures are
domain, this domain is missing from the invertebrate or-deposited in the Protein Data Bank (PDB) (http://www.
thologs of sel-1 (Harada et al. 1999). The fact that FN2 igcsb.org), these structures represent a rather closely related
restricted to the chordate lineage seems to suggest that thgsoup of protease kringles (kringles of prothrombin, plas-
domain type has arisen in this lineage through major strucminogens, plasminogen-related proteins, plasminogen acti-
tural modification of a more ancestral domain type. vators). In order to understand the structural rearrangements

In an earlier study we have noted a distant sequencthat have accompanied the use of kringles in proteolytic
similarity between FN2 modules and kringles of proteasesystems, it is important to define the structures of kringles
and suggested that they are divergent members of the samepresenting the more ancestral Ror receptor tyrosine kinase
fold family (Patthy et al. 1984). In harmony with this pro- family as well as kringles of more divergent members of the
posal, FN2 domains revealed a fold with many similaritiesprotease family.
to the protein-fold of protease kringles. FN2 domains are In this paper we report the expression, purification, and
similar to kringles inasmuch as they are also characterizetefolding of the kringle domain of th€. elegansRor re-
by two short antiparallgb-sheets and an exposed aromatic-ceptor tyrosine kinase and the kringle of rat neurotrypsin, as
rich ligand binding site (Briknarovéa et al. 1999; Tordai and well as their conformational fingerprinting via NMR spec-
Patthy 1999), as well as two cystine bridges in close, quasitroscopy. Structural comparison of these divergent members
orthogonal juxtaposition (Constantine et al. 1992).. of the kringle family with structurally well-characterized

In view of the distant relation of FN2 domains and krin- kringle and FN2 domains suggests that the kringle domain
gles it seems possible that FN2 modules have evolved froraf neurotrypsin represents an intermediate form in the tran-
kringles. Kringles do indeed have a longer evolutionarysition from kringles to FN2 domains.
history than FN2 modules since they are present both in
vertebrates and in invertebrates suchCaglegansandD.
melanogastei(cf. the SMART and Pfam databases; Son-
nhammer et al. 1997; Schultz et al. 1998, 2000). In the present work we have determined the key structural

Kringles are usually 80 amino acid residue-long, andfeatures of the kringle o€. elegansRor-type receptor ty-
were first found in members of the trypsin-family: pro- rosine kinase and the kringle of rat neurotrypsin by NMR
thrombin (Magnusson et al. 1975), plasminogen (Sottrupspectroscopy. The basis of our conformational fingerprint-
Jensen et al. 1978), urokinase (Gulinzler et al. 1982), tissuéag approach is that the unique structural organization of the
plasminogen activator (Pennica et al. 1983), hepatocytbydrophobic core of kringles is reflected in some common
growth factor (Nakamura et al. 1989), macrophage-stimucharacteristics of the NMR spectra of kringles (Trexler et al.
lating protein (Han et al. 1991), coagulation factor XlIl 1983; Atkinson and Williams 1990; Byeon and Llinas 1991;
(McMullen and Fujikawa 1985), hepatocyte growth factor Cox et al. 1994; Hansen et al. 1994; Li et al. 1994; Rejante
activator (Miyazawa et al. 1993), hyaluronan-bindingand Llinas 1994b; Byeon et al. 1995). Accordingly, conser-
protein (Choi-Miura et al. 1996), a novel serine proteasevation or structural modification of the core structure in
of the ascidiartHerdmania momugArnold et al. 1997), and novel kringle modules may be assessed by NMR spectro-
the brain-specific serine protease, neurotrypsin/motopsiscopic fingerprinting of the solution structure of the kring-
(Gschwend et al. 1997; Yamamura et al. 1997; Proba et ales.

1998; lijima et al. 1999). A recurrent feature of the NMR spectra of kringles is the
More recently, kringles were also found in the extracel-dispersion of Trp aromatic signals arising from the strictly
lular regions of diverse members of the Ror-type receptoconserved tryptophans of the conserved hydrophobic core

tyrosine kinase family (Masiakowski and Carroll 1992; Jen-(W25, W62 of kringles in Fig.1). Some kringles (e.g., krin-

Results
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Fig. 1. Multiple alignment of the amino acid sequences of representative members of the FN2- and kringle-module families. Abbre-
viations: PDC-109/b, the second FN2 domain of bovine seminal fluid protein PDC-109; NT/K, the kringle domain of the rat
neurotrypsin; CRor/K, the kringle domain Gf elegandRor-type receptor tyrosine kinase; Pgn/K4, the fourth kringle domain of human
plasminogen; coK, consensus sequence of kringles. The numberstaptieger to the residue numbering of FN2 domains, those at

the bottomrefer to the residue numbering of kringles. Cysteine residues are highlighted in bold.

gle 4 of plasminogen in Fig.1) also contain a third trypto- The Trpg? indole group is known to be exposed at the
phan, W72, that forms part of a lysine-binding site (Hoch-ligand-binding site of K4 (Hochschwender and Laursen
schwender and Laursen 1981). 1981; De Marco et al. 1989) where it contributes hydropho-
In the NMR spectrum of protease kringles (as exempli-bic component to the kringle—ligand interaction. The strik-
fied by plasminogen kringle 4, Pgn/K4 in Table 1), the ing similarity between Trff connectivities in the Pgn/K4
corresponding Trp sidechain indofél resonances span a and NT/K COSY spectra (Fig. 2) suggests that“Frxists
characteristic region, betweén4.5 ppm andJ11.6 ppm, in a similarly exposed environment in NT/K. On the other
thus affording a reliable signature of kringle folding. The hand, the lesser dispersion (Table 1) of the*fand TrF?2
'H-NMR dispersion of the Trp aromatic signals reflect ring- aromatic signals in the NT/K3(= 5.55 ppm and 4.48 ppm,
current shifts stemming from mutually interacting aromaticrespectively) relative to both the Pgn/Kgt £ 6.64 ppm and
side-chains which contribute to the buildup of the hydro-6.10 ppm, respectively) and CRor/k (= 6.93 ppm and
phobic core, a structural feature conserved in all five of the5.34 ppm, respectively) reveals an altered packing of the
plasminogen kringles (Thewes et al. 1988; Rejante andorresponding, conserved side chain groups in the NT/K.
Llinds 1994a). As is apparent from inspection of Figure 2 A, In the case of PDC-109/b, the alignment with kringles
B, and C, the spectra of both CRor/K and NT/K exhibit suggests that TFS of FN2-domains corresponds to Ffmf
similar sets of dispersed resonances for theiTrprp®®  kringles, Trp®° of FN2 domains corresponds to Trpof
(and in the latter for its Tr{¥) as Pgn/K4. kringles, whereas T3 of kringles corresponds to Phef

Table 1. Assigned conserved tryptophan aromatic spin systems and shifted methyl resonance$liNMR spectra of
kringle-related homologs

Chemical shifts (ppm)

Spin system Module el (NH1) 31 (CH2) €3 (CH4) {3 (CH5) v2 (CHB) {2 (CH7) CH,
Trp?® Pgn/K4 11.61 7.13 8.30 6.47 4.97 7.51
CRor/K 11.56 7.12 7.42 6.64 4.66 7.41
NT/K 11.20 6.99 7.71 6.64 5.65 7.45
Trp®? Pgn/K4 10.95 7.40 6.98 4.85 6.61 6.86
CRor/K 10.35 7.53 6.83 5.01 6.73 5.55
NT/K 9.58 7.56 6.89 5.10 6.75 7.06
(Trp?9) PDC-109/b 9.63 7.07 7.05 5.74 5.36 5.57
Trp™ Pgn/K4 9.95 6.86 6.69 5.13 6.79 7.13
NT/K 8.97 6.85 6.68 5.25 6.83 7.19
(Trp®9) PDC-109/b 9.80 7.22 6.82 5.13 6.69 7.12
Leut® Pgn/K4 -1.07
CRor/K -0.67
NT/K -0.39
(Thrt9) PDC-109/b 0.09

aNMR data recorded on 1-2 m&H,0/”H,0 (90/10%) solutions, pH 5.12, 300 K.

2116 Protein Science, vol. 10



Origin of FN2 modules

(A) g3-e3  £3-2 W62 - E
Pgn/K4 $ - ._?.'.'.'f"_'.'_',"_'_'_ff_'f.'.___._ E
0 gy P8 was ﬁ "
. ' ] L
L :
A S :
! ' i v L
! ' ! I
b :
§-e . L - r
; © NzComE W72 334 =
: e L
. 2-n2 r
’ . e
S S L
® s —
et S S : £
8.0 7.0 6.0 5.0 §
S
(CNT/K )~
er r3ns W62 G =
= G Yol i * q” i
C 0203 N2-C2 £F
[ IIP-flf
F (3e3 W26 LA
C $oomomo e ®
L ! ' Lo
r ! <
E L 4 i ¥
[ "'i w39 s
-:_ P ’: W e =3
- 2-n2 “ ©~
: % +
r -
- “ %
2 o
! oo
-3
LALELARLAR N AL L AL INLAL AL L L L BB L L AL LB L L LR rryiyrTTTTTT T T T O T TR T T T T T T T T T T T T T
8.0 7.0 6.0 50 8.0 7.0 6.0 5.0

8, (ppm)

Fig. 2. 500 MHz*H-NMR COSY spectra of homologous kringle and FN2 domains: aromatic connectivities of conserved tryptophan
residues. &) The fourth kringle of human plasminogen (Pgn/K4&) The kringle of Ror-type receptor tyrosine kinase®felegans

(CRor/K). (C) The kringle of rat neurotrypsin (NT/K)..Y) The second FN2 domain of bovine seminal fluid protein PDC-1D9.
elegansRor kringle and rat neurotrypsin kringle resonances were identified from 2D COSY, NOESY, and TOCSY experiments by
reference to the human Pgn/K4 spectrum. The assignments of the human Pgn/K4 and PDC-109/b spectra have been reported (Atkinson
and Williams 1990; Constantine et al. 1991, 1992). Spectra recorded at 300 K, on 1 mM protein samples dis$dy@dph* 4.8.

FN2 domains (cf. Fig.1). It is revealing that PDC-109/b  Another characteristi¢cH-NMR marker of the native
exhibits a qualitatively similar, kringle-like pattern for the structure of kringles is the pair of high-field shifted methyl
Trp aromatic proton resonances, with the PDC-109/6%rp doublet signals which have been assigned to the*t.eu
COSY connectivities closely mimicking those of the corre-8,8'CH; protons (Llinas et al. 1983; Bokman et al. 1993),
sponding Trp? of kringles (Fig. 2). The fact that TfBof  with Leu*® being a highly conserved residue among all
FN2 domains are also involved in ligand binding known homologous kringle sequences. These shifted sig-
(Briknarova et al. 1999) is consistent with a close structurahals afford a fingerprint of native kringle folding, readily
and functional homology between exposed hydrophobiddentifiable in the spectra of CRor/K (Fig. 3B) and NT/K
binding site components in kringles and the FN2 domains(Fig. 3C) by reference to the Pgn/K4 spectrum (Fig. 3A). As
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Fig. 3. High-field shifted Led® CH;>®" resonances of kringle-domains and ¥h€H,y resonances of FN2 domain: COSY connec-
tivities. Experimental conditions as for Figure 2.

is apparent from inspection of Figures 3A, B, and C, thestrictly conserved THP residue could play a structural role
most shifted Letff °CH, resonance, which appears@t1  similar to that of Led®in the kringle homologs, namely that
ppm in the Pgn/K4 spectrum, uniformly shifts f&6—-0.7  of nucleating the module’s hydrophobic core. Indeed, in
ppm in the CRor/K andl—0.4 ppm in the NT/K spectra. By Pgn/K4, the Trf? ring is 0 7.5 A from the Led® methyl
comparison, the PDC/109-tH-NMR spectrum shows a (Wu et al. 1991), and an NOE between the two groups is
methyl resonance @10.09 ppm, assigned to the FAyCH, readily detectable (Ramesh et al. 1987). Thus, only a small
(Constantine et al. 1991). This observation suggests that thiisplacement of the kringle T?ptoward the Let® methyl
residue might fulfill a structural role similar to that of the would be required in order to generate the proximity ob-
conserved Leff in the kringles, where the magnetic shield- served between Tff and Tht® in the PDC-109/b FN2
ing of the Led® ®® CH, protons arises from anisotropic domain. Interestingly, jointly with THF, both Phé and
ring-current effects resulting from side-chain aromaticTrp?® are strictly conserved in FN2 modules. This sug-
groups at the kringle hydrophobic core (De Marco et al.gests—as proposed for the conserved?Trpeu’®, and
1985). Trp®2in kringles (Trexler and Patthy1983)—that these three
Most noteworthy, the L&t °CH, is in close contact with  residues are structural determinants of FN2 domains.
the aromatic ring of Trf, a residue strictly conserved
among all kringle homologs. Figure 4A shows a slice alongDiscussion
31 dimension of the 2D NOESY spectrum,{, 100 ms) of
the Pgn/K4, atd2 corresponding to thél -1 ppm Led®  Kringle structures are constrained by three intramolecular
®CH, resonance. As is apparent from inspection of Figuredisulfide bonds in a 1-6, 2—4, 3-5 pattern that generates a
4A, a significant proton—proton cross-relaxation occurs becharacteristic three-loop structure. The similarity of key
tween the Letf °CH, and the Trg®indole ring H* (CH2),  spectral characteristics of NT/K and CRor/K to those of
H=! (NH1), H*® (CH4), H"? (CH6), and H3 (CH5). In the  typical protease kringles indicates that the overall topology
cases of CRor/K and NT/K the NOESY experiments alsoof the protein fold is maintained by these distantly related
reveal Led® proximity to the Trg® H®, H*Y, H"?, and H?>  and functionally dissimilar domains. On the other hand, the
(CH7) (Fig. 4B) and B!, H®Y, H®3, H®?, and H? (Fig. 4C),  structure of NT/K differs quite significantly from typical
respectively, the relative intensity of the NOEs indicatingprotease kringles such as those of plasminogen. As has been
that the packing of the methyl group against the?fming  noted earlier (Yamamura et al. 1997), the segments between
varies among the three kringles. By analogy, the PDC-109/the first two cysteines (Cysand Cy$?) and the last two
Thr'® yCH, doublet atz]0.09 ppm (Fig. 3D) happens to be cysteines of kringles (Cys and Cy§°) are significantly
in close contact with both the Phe5 rind KCH4) and the  shorter in the kringle of neurotrypsin than in all other krin-
H®Y, Het He3) H"?, and H? of Trp®® (Fig. 4D) that aligns  gles (cf. Fig. 1). The concomitant shorter lengths of both the
with the kringles’ Trj§? (Fig. 1). Hence, although the krin- N- and C-terminal stretches in NT/K may well represent a
gle Trp?® is not conserved in the PDC-109/b FN2 (Fig. 1), structural requirement to preserve the E8y<° disulfide
the Phé&, jointly with Trp?® (aligned with Tr5%in the krin-  pairing that brings C and N termini together. Thus, it is
gle sequence), define the aromatic environment of thé®Thr suggested that in order to maintain the pretzel-like kringle
vCHj; group. It is thus suggested that in FN2 domains, thestructure in NT/K, the shortening of the CysCy<P stretch
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both show a decrease in the order Pgn/K4 > CRor/K > NT/K

(A) Pgn/kd > PDC-109/b. This relates to the packing of the hydropho-
o bic core which, as the NOESY experiments reveal (Fig. 3),
el s B » is analogous for the four modules in that it clusters aromatic

rings in close interaction with the kringle L& or PDC-
109b Tht®, sidechain methyl group. We are thus led to

@) conclude that the NT/K domain may be viewed as filling a
(B) CRor/K gap in the structural transition from a “typical” kringle to
3l FN2 domains.
€l 2)
A ‘ 1 . j ay ,!\]_ Materials and methods

Restriction enzymes, PCR primers, vectors,
bacterial strains

(C) NT/K

el

Restriction enzymes were purchased from Promega and New En-

gland Biolabs. The M13 sequencing reagents used for dideoxy

, sequencing of cloned DNA fragments were from Amersham Phar-
Fe macia Biotech. PCR primers were obtained from Integrated DNA

W1 o Technologies and from Pharmacia Biotech.

ﬁ(\ wow Plasmid pmed23 (Lukacsovich et al. 1987) was from Dr. P.

(D) PDC-109/b

8 €3 1\:/2 Venetianer (Biological Research Center, Szeged, HungEsgh-
L I erichia coli strain JM-109 was used to propagate and amplify
expression plasmids.

!HIinHHI\H1‘I\IHIIII|IHH!II\[HHIHH|I!ITlHHlVllll\ll\IliH

11.0 10.0 9.0 8.0 7.0 6.0 5.0

8, (ppm) The kringle domain of th€. eleganRor receptor

) . . ) ) tyrosine kinase
Fig. 4. "H-NMR NOESY connectivity analogies between kringle and FN2

domains: hydrophobic coreA{C) 1D slice along the indirect dimension The recombinant kringle domain of th&. elegansRor receptor
31 from the Led® CHy® doublet at ~107 ppm (Pgn/kd), ~0.669 ppm tyrosine kinase was expressedincoli. The plasmid expressing
(CRor/K), and -0.385 ppm (NTK/K) showing NOE connectivities to the kringle domain of this receptor tyrosine kinase was constructed
Trp?®. (D) PDC-109/b: slice along the indirect dimens&thfrom the Thit® as follows: PCR-primers (sense: 5 ATATGGCCATACCCATTG
CHgzy doublet at 0.085 ppm showing NOE connectivities to Phad GTGTTATGTGAACAGT. antisense: 5 TCGAAGCTTAAT
Trp?®. Data collected at 300 K, on 1 mM protein solutions in 90/10% CACTTGGACATTGTGG’AACATCAC) were designed to am-
*H20/PH,0 (v/v), pH 5.2, mixing time 100 ms. plify the segment corresponding to the kringle domain from a
nematode genomic DNA library (Stratagene). The sequence of the

has been accommodated by a concomitant shortening of tHiRCR product was verified by cloning it into the Sma | site of the

_ 2 ; : ; M13mp18 sequencing vector followed by dideoxy sequencing
Cys—Cys* segment. It is noteworthy in this respect that aESanger et al. 1977). The insert of the M13mp18 was excised by

major difference between k_ringles and FN2 domains is t_ha leaving it withMsd and Hindlll and the insert was cloned into
the segments corresponding to the N- and C-terminapyyi/Hindlll-digested expression vector pmed 23 (Lukacsovich et
stretches of kringles (and the Cy€y<° disulphide bond) al. 1987). The resulting construct (pmed23Cror/K) encodes a fu-

are missing from FN2 domains (cf. Fig. 1). It seems IikerSifO[l; pr?tein (_rjgaICRlor/Kh) Cfntailnifég the N-]EeLminal 36 ré?SidueS
; ; ; of B-galactosidase plus the kringle domain of the nematode recep-
that the dr.aStIC Shqrter.“ng 0]‘ both SegmenFS in NT/K fore tor tyrosine kinase and has the sequence: MTMITDSLAVVLQR
bodes their truncation in typical FN2 d.ornams. . RDWENPGVTQLNRLAAHPPFASHHWCYVNSGTQYEGT
In summary, as revealed by the strikingly uniform pat-vAQTSSGKQCAPWIDSTSRDFNVHRFPELMNSKNYSRNPG
terns of key'"H-NMR COSY/NOESY connectivities (Figs. GKKSRPWCYSKPNGQEEYCDVPQCPSD*
2-4), the Pgn, Cror, and NT kringles are endowed with E. colicells carrying recombinant pmed23CrorK plasmids were

similar folding characteristics. Nevertheless, a number ofrown: expression of 8-galactosidase fusion proteins was induced
9 with 100 pumole IPTG (Serva), and inclusion bodies containing

1 . - . .
H-NMR spectroscopic S|gnaFures eXh'b"Fed by the I\IT/Krecombinant protein were isolated as described previously (Banyai
are also shared by FN2 domains, suggesting that NT/K maynd Patthy 1991). The inclusion bodies were dissolved in 60 mL of
represent an intermediate form between typical kringles and.1 M Tris-HCI, 8 M urea, 10 mM EDTA, 0.1 M dithiothreitol

FN2 domains. In particular, typicdiH-NMR markers of  (Sigma) at pH 8.0, and the solution was incubated for 60 min with

kringle or FN2 native folding, such as the dispersion ofconstant stirring at 25°C.. Insoluble cellular debris were removed
: by centrifugation and the solubilized proteins were chromato-

similarly patFerned Trp aromatic connectli\éities and shifts Ofgraphed on a Sephacryl S-300 column equilibrated with 100 mM
the magnetically shielded L&% (K)/ Thr'(FN2) methyl  Tris-HCI, 8 M urea, 10 mM EDTA, 0.1% 2-mercaptoethanol. The
signals (Table 1, Figs. 2, 3, 4), are revealing in that theyfractions containing the fusion proteins were identified by SDS-
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PAGE, pooled, and dialysed against 0.1 M Tris-HCI, 10 mM The kringle 4 domain of human plasminogen, the

EDTA at pH 8.0, at 25°C. Precipitated proteins were removed bysecond FN2 domain of bull seminal plasma PDC-109

centrifugation and the supernatant was applied to Sephadex G-75

column equilibrated with 0.1 M ammonium bicarbonate at pH 8.0.The kringle 4 domain of human plasminogen and the second FN2
The B-galactosidase moiety of the fusion protein RgalCRor/K domain of bull seminal plasma PDC-109 were generated via pro-

was removed by limited tryptic digestion using TPCK-treated tryp-teolysis of the parent proteins and belonged to batches described

sin (Sigma). BgalCRor/K (1 mg/mL) was incubated with trypsin (2 previously (Rejante et al. 1991 a,b; Constantine et al. 1991, 1992).

pg/mL) in 0.1 M ammonium bicarbonate at pH 8.0 for 30 min at

25°C. Reaction was arrested with 1mM phenylmethylsulfonyl

fluoride (Serva) and the kringle domain was separated from theGel electrophoresis

digestedB-galactosidase peptides on a Sephadex G-50 colunm

equilibrated with 0.1 M NHCO; at pH 8.0. The composition of protein samples was analyzed by SDS-PAGE
N-terminal sequencing of the truncated protein (CrorK) wasusing 11-22% linear polyacrylamide gradient slab gels under both

performed with an Applied Biosystems 471A protein sequencereducing and nonreducing conditions (Laemmli et al. 1970).

with an on-line ABI 120A phenyltiohydantoin (PTH) analyzer.

Protein CrorK had a unique N-terminal sequence (LAAHP-

PFASHTHWCYVNS), confirming that residues 1-27 of fhgga-  NMR spectroscopy

lactosidase moiety of the fusion protein have been removed. The )

concentration of the Cror/K protein was determined using the ex]NMR spectra were acquired on a Bruker Avance DRX spectrom-

tinction coefficient 30 10°M~* cm™%, calculated according to a ©ter at 500 MHz. The probe temperature was maintained at
described method (Mach et al. 1992). 300 K. Dioxane was used as internal standard. COSY, TOCSY

(Tmix = 70 ms), and NOESY(,;, = 100 ms) spectra were col-
lected in the phase-sensitive detection mode using standard pulse
. . sequences. Solvent signal suppression was achieved by low-power
The kringle of rat neurotrypsin irradiation at the water frequency or with pulsed field gradient
“WATERGATE" technique incorporating the 3-9-19 pulse se-
The recombinant kringle-domain of rat neurotrypsin was producedjuence (Sklenar et al. 1993). All data processing was performed on
by expression irkE. coli as follows. The DNA segment coding for a Silicon Graphics O2 workstation using FELIX 98.0 software
the kringle domain of rat neurotrypsin was amplified with the (MSI).
5'CCGTCCCGGGGACGATTCCACGCCGCTGCGGG 3’ sense,
and BCCAGAAGCTTTACCCTTGACCACAATCGCAGTAGC
3’ antisense primers from a rat fetal brain cDNA library (Clon- Acknowledgments
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