Yolume 309, number 2, 139-145 FEBS 11496

September 1992
© 1992 Federution of Europeun Biochemicul Socicties 001457919285.00

X-ray crystal structure of the serine proteinase inhibitor eglin ¢ at 1.95 A
resolution

Karsten Hipler, John P. Priestle, Joseph Rahuel and Markus G. Griitter
Deparnnent of Biotechnolagy, Pharmea Research, Cibu-Geigy Lid., CH-4002 Baste, Switzerland

Reeeived 17 July 1992

The erystal structure of eglin ¢, nuturnlly oceusring in the leech Hirtdo medicinalix, is known from its complexcs with various serine proteinases,
but the crystallization of free eglin ¢ has not yet been reported. A methad is dessribed for growing well-difTraciing erystuls of free eglin ¢ from
highly concentrated protein solutions (@200 my/inl), The space group of the ortharhombic crysiats was determined to be £2,2,2, with unit cell
parumeters o = 32.6. b = 42,0, ¢ = 4d.1 A, The structure of free eglin ¢ was resolved ut 1.95 A rosolution by Patterson seurch methods. The final
model containg ull 70 amino aeids of eglin ¢ und 125 water molecules. In comparison (o the eglin structure known from its complexes with
proteinuses, only smull differences huve been observed in free eglin ¢, However, the reuctive site-binding loop und u few residues on the surfuce
of eglin huve been found in different canfarmutions due to erystil eantaets. In contrast to the camplex structures, the first seven amino acids of
the highly flexible amino terminus cun be locued. Crystullogruphic refinement comprised moleculur dynamics refinement, clussical restrained
least-squures refinement und individual isotropic atomic temperuture refinement. The finul R-factor is 15.8%.

Eglin & Serine prawinise inhibitor: Crystal structure: Uncomplexed structure

1. INTRODUCTION

Eglin ¢, naturally occurring in the leech Aliruclo
medicingdis [1), is a 70 amino acid strong inhibitor of
several serine proteinases, such as a-chymotrypsin, sub-
tilisin, elastase and cathepsin G [2]. Because of its inhib-
itory potency towards the latter two proteinases, eglin
¢ has attracted particular interest as a possible therupeu.
tic agent for the treatment of pulmonary discases and
inflammatory processes [3]. The genc encading for eglin
¢ has been synthesized and cloned into Escherichia coli
(4], and large quantities of N-acetylated eglin ¢ have
been expressed and purified for preclinical investiga-
tions.

Crystals of eglin ¢ in complex with subtilisin
Curlsberg have been reported in 1985/1986 by McPh-
alen et al. [5), Bode et al. {6] and Gritter et al. [7]. and
the structure has been resolved [5.6]. Since then, crystal
structures of eglin ¢ in complex with the proteinases
thermitase [8] and a-chymotrypsin [9), as well as mutant
eglins in complex with subtilisin Noveo [10] have been
published. The structures of free wild-type eglin ¢ [11]
and mutants of eglin ¢ [12] were resolved by 2D NMR
investigations, but no crystal structure of free eglin ¢ has
yet been been reported.

Eglin ¢ is a member of the potato inhibitor 1 family
of serine proteinase inhibitors according to the classifi-
cation of Laskowski and Kato {13]. Like the chymo-
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trypsin inhibitor 2 (CI-2) [14.]1 5], another member of this
proteinase inhibitor family isolated from barley seeds
[16]. eglin ¢ consists of a twisted mixed parallel and
antiparallel four-stranded §-sheet, flanked on one side
by a a-helix and an extended reactive site binding loop.
on the other, which results in a wedge-like shape for
these two molecules. In both inhibitors, the arrange-
ment of secondary structure elements is strand-helix—
strand-binding loop-strand ~strand with the carboxv
terminus located near the reactive site binding loop.
Contrary to most serine proteinase inhibitors. eglin ¢
and ClI-2 lack disulfide bridges for binding loop stabili-
zation. Instead, two neighbouring arginine side ¢hains
(Arg-51. Arg-53 for eglin ¢ and Arg-65, Arg-67 for CI-
2). protruding from f-strand 3 of the core towards the
binding loop. have electrostatic and hydrogen-bonding
interactions with residues on either side of the scissile
bond (P2- and P1’-position of the binding loop accord-
ing to the nomenclature of Schlechter and Berger [17)).
In eglin ¢, the Pl-position is occupied by a leucine resi-
due (Leu-435), ensuring its high specificity towards elas-
tase.

The structure is known for free CI-2 [15], for CI-2 in
complex with subtilisin [14], for eglin, complexed with
subtilisin [6.5,10). and now also for free eglin, making
these two inhibitors interesting objects for investiga-
tions of the mechanism of serine proteinase inhibition
proposed by Laskowski and Kato [13]. According to
this hynothesis, the reactive site binding loop of the
inhibitor binds to the enzyme iu the manner of a good
substrate (&, = 10°~10" M~"s™"), Similiar to a substrate,
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the inhibitor is cleaved, but ut very low rates and with
hydrolysis occuring only at a single peptide bond
(termed the ‘scissile bond'). The good inhibitory proper-
ties (k; = 107'°-10"'2 M™") result from tight binding with
very slow release of either cleaved or uncleaved inhibi-
tor. As already pointed out by McPhalen et al. [15], the
comparison of free and complexed inhibitor may help
to elucidate the reasens why these molecules are inhib-
itors rather than good substrates. It wus proposed [15}
that binding loop stabilization keeps the carboxy- and
amino-termini of the cleaved bond in close vicinity, fas-
cilitating the resynthesis of uncleaved inhibitor by the
enzyme. A further important aspect is, that due to en-
tropical reasons higher binding loop rigidity is accom-
panied by a higher gain of total free energy upen bind-
ing of the inhibitor to the enzyme [15). This results in
a more tight complex, and hence higher inhibitory po-
tency of the inhibitor. In cases where disulfide bridges
flank the scissile bond it is obvious that binding loop
stabilization must always be present, even for the free
inhibitor, It is an interesting question whether this is
also true for the non-covalent stabilizing system pro-
vided by the core arginines in eglin ¢.

2. EXPERIMENTAL

2.1, Crystallization

Crystallization experiments were set up according to the hanging
drop methad. In a first step, large clusters of crystals were grown
which were used for further seeding experiments: Highly purified lye-
philized eglin ¢ was dissolved in 200 mM acetic acid + 2.5% polycth-
ylene glycol 10 000 (PEG 10 000) to a concentration of 130 mg/ml. The
protein solution was immediately centrifuged in order to minimize the
number of nuclcation sites. 4 ul of this solution were taken for the
hanging drop and were equilibraled against 600 ml of u bufTer solution
consisting of 200 mM ammonium acetate. in a rangs of pH 6.0=8.0,
and 15-30% PEG 10 000. Crystals were grown at room temperature
within 5§ months, Best results were obtained with a reservoir buffer of
pH 8.0, containing 30% PEG 10 Q00,

For the sccond crystallization step, lyophiiized eglin ¢ was dissolved
in 5 mM hydrochloric acid to a concentration of 250 mg/ml. The drop,
containing 3 ul of centrifuged proiein solution and | x4l of reservoir
solution, was equilibrated against a buffer consisting of 200 mM
potassium phosphate, pH 8.0, and 1-4% PEG 4 000. Afler onc day of
equilibratien, the drops were seeded using single erystal frugments
obtained from a cluster of crystals from the first crystallization step
by cutting with a platinum wire, The crystals were grown at 4°C. They
grew 1o 4 final size of 0.08x0.12x0.25 mm® within 4 weeks.

2.2, Data collection

X-ray diffraction duta were collected using u FAST area detector
{Enraf-Nonius, Delft, The Netherlands), Graphite-monochromated
Cuy,, radiation was provided by an FR571 X-ray gensrator operated
it 40 kY and 70 mA with an apparent focal spot of 0.3x0.3 mm?. The
caplllary was mounted on a 3-circle x goniostat and was rotated 100°
around the w-axis about an arbitrary crystal axis in steps of 0.1¢/frame
with an cxposure time of 90 s/frame. Duta were collected to 1.9 A with
a 26 swing out angle of -15® and a crystal-to-detector distunce of 40
. Crysial orichlalion dsterminalion, dala colieclion and onsling
data evaluation were performed employing the program MADNES
{18). The meusured difTraction intensities were scaled using the pro-
grams ROTAVATA and AGROYATA of the CCP4 (Daresbury Lab-
aratory) program package.
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2.3 Duu evehaition

The space group of the eglin crystals wus determined to be £2,2,2,
with unit cell parumeters @ = 32,6, 5 = 42,0, ¢ = 44.1 A, The asymmetric
unit contains one eglin molecule (¥, = 1.9 A¥Da). 12 113 reflections
were measured in the resolution runge from 15 A to 1.95 A, They were
reduced und merged resulting in 4,590 unique reflections with un
Roige defined as (T, o M-NWE, 1), of 8.9% lor the whole sphere
and of 32.6% for the last shell from 2.00-1.95 A. Data completeness
is97.1%.

Molscular replacement scurches were performed using the eglin
coardinates of the complex structure eglin ¢ / subtilisin Carlsberg,
which were generously provided by Dr. W. Bede [6). Rotational scarch
was started with un eglin model in which the amino terminus (residues
1-11), the binding loop (residues 39-50) and the Ceterminus (residucs
68-70) us well as 18 solvent exposed side chains were omitted, How-
ever, the whole eglin molecule with all 63 amine acids defined in the
complex structure proved to be the better search model, yielding a
cleur peak in the rotution function mup of the CCP4-progrum PO-
LARRFN [19] for the Euleriin angles @ = 119.5%, S = 1242%, ¢y =
79.5°. The solution of the rotation funstion wus found to be very
sensitive to slight chunges af the outer Patterson eut-off radius. In the
resolution range from 100 A (o0 2.0 A, the best signal-to-noise ratio was
obtained for Patterson inner and auter cut-off radii of 0 A and 13.0
A. whigh yiclded u solution penk 4.5 standard deviations (o) above the
mean and 1.47 times the highest noixe peak. Computing the trunslation
funstion TFSGEN [19] in the resolution range from 100 A 10 20 A,
s well-defined peak, 7.3 @ above the mean was abtained for the orthog.
onal coordinates 7.74, 14,57, 2,80 A. After correst orientation of the
model in the unit ecll, the initial R-factor, defined us (T, \F-FIV
(Z . lFD). was cateulated to be 50,8% for the eglin model comprising
all 63 amino ucids defined in the complex strusture (rexolution range
from 10.0 A to 2.00 A).

Rotatian and translation of the eglin molecule were followed by
rigid body refinement employing the program CORELS [20] in the
resolution runge from 10,0 A to 7.0 A, For this, the molecute was split
into three domains comprising the residucs 8-39, 40-49 and 50-70.
The structure was further improved by manual fitting using the pro-
gram FRODO [21] on an Evans and Sutherland PS390 system. In the
region of the binding loop. the structure was improved with u (£,-
Floa map [22], which was caleulated omitting residues 40-48.

Before starting restrained least-squares refinement, the R-fuctor
between caleulated and measured structure fuctors was 46.3% (resolu-
tion eange from 10.0 to 3.0 A). The first 34 refinement cycles using the
program package TNT (23] were run with gradually increusing resolu-
tion and weight for the geometrical constraints, which resulted in an
R-factor of 39.2% (10.0-1.95 A resolution). After checking the struc-
ture on the compuier graphiss display system, it was submitted to
moleculur dynamics refinement, employing the program packuge
XPLOR [24] which brought the R-factor down to 29.7% (resolution
range from 10.0 to 1.95 A. lndividual isolropic alomie temperature
[actor refinement yielded an R-fuctor of 26.3%. [nsertion of the seven
amine-terminal amino acids, followed by 45 new refinement sysles
improved the R-fuctor 1o 22.9% (6.0-1.95 A resolution). In nine addi-
tional mode! building/TNT refinement rounds the structure was fur-
ther improved and 125 water molecules were included. The final R-
fuctor for the resolution range frem 6.0 to 1.95 A was caleulated to
be 15.8%.

3. RESULTS

The structure of free eglin ¢ was compared with the
highly resclved (1.2 A) structure of eglin ¢ bound in the
complex with subtilisin Carlsberg' [6]. Except for the

'In the following, for simplicity. this egiin structure is referred to us
‘bound eglin'.
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Fig. 1.

Fig. 3.

Fig. 4.

Fig. 1. Superposition of the C, backbones of (rec {green) and bound cglin (red.}. While the displacements in the core region are rather low, they
are considerably larger for the residues flanking the Pl.residue Leus4$ in the reactive site binding loop domain, The reactive site binding loop is
chiefly stubilized by Arg-51, Arg-53, prolruding from the core, and Thr-44, Asp-46, in the binding loop. The first seven amino acids are not defined
in the structure of bound eglin.
Fig. 3. Conformationa! differences in the binding loop domain of free (green) and bound eglin (red.). The binding loop is chisfly stabilized by the
two neighbouring argines from the core and the P2-and Pl’-residue in the loop. For simplicity, all the other residues of both structures are shown
in blue. While in the complex structures the loop conTormation is fixed by {he suriuce iopoiogy of lias enzyme, in iiee egiin this i dons by <rystal
contacts, which results in the loss of the interactions of Arg-51 and Arg-53 to the side chains of the P2- and Pl-residue,
Fig. 4. Pasition of free eglin ¢ in the erystal lattice. The discussed molecule is shown in green, symmetry related molecules in red and biue. Contrary
to the known eglin/proteinase structures, the highly flexible amine-ter:ainus cun be located. 11 occupies the only large solvent region in the crystal
between neighbouring molecules and extends to the reactive site binding loop of an adjacent molecule.
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Fig. 2. Compurison of free and bound eglin, Upper cugve: differenee
(in A} of the mean maln chain D-factor vs. residuc number, Lower
cueve: displacement (in A) of the C,-2toms as 1 funetion of the residue
aumber. Except for the reactive site binding loop (marked by vertical
lines), large atomic displacements ure not correlated with high B-
factars. The (irst seven residues are not defined in the bound strusture.

binding loop region, the two structures are very similar
(Fig. 1). After a least-squares fit using the C, positions
of the amino acids 8-70 of both structures, the RMS
deviation between all C, atoms was calculated to be
0.769 A. While the deviations for the core amino ucids
are relatively low, indicating that the core is compact
and cannot be casily distorted, the displacements in the
binding loop region, especially for the Pl-, P1’- and
P2’-position, are considerably higher (Fig. 2). Omitting
these three residues brings the RMS deviation for the
remaining 60 C, atoms down to 0.589 A. The three next
largest displacements (residues 18, 27, 59) were found
in external loops. Interestingly, the high displacement
for the residue Gly-59 is accompanied by considerably
better atomic temperature factors and a flip of the pep-
tide between this residue and the proceeding Pro-58 by
180° relative to the bound structure, The ¢, y-angles for
this peptide in free eglin ¢ are similar to those observed
in the structure of eglin ¢/subtilisin Carlsberg reported
by McPhalen et al. [5] and eglin o/thermitase reported
by Gros et al. [8].

Table I presents the main chain ¢, w-torsional angles
of the binding loop region of free eglin ¢ and of eglin
cin complex with several proteinases, Data for free and
bound CI-2 are also shown. While the torsional angles.
especially for the residues P3-Pl’, are quite similar for
all the inbibitor/proteinase complexes shown, the w-
angle of the Pl-residue is significantly different in the
structure of free eglin ¢ with a change of =21 standard
deviations from the mean calculated for § different
structures of wild type and mutant eglin ¢ in complex
with subtilisin. While in complex with a proteinase, the
conformation of the eglin binding loap is fixed by the
surface topology of the active site of the cnzyme, in ihe
crystal structure of free eglin ¢ this is done by crystal
contacts. Fig. 3 shows the conformational differences
observed for the binding loop of free and bound eglin
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¢. In contrast to what McPhalen et al. [15] reported for
the free CI-2, the reactive site binding loop of frec eglin
¢ is considerably better defined. Except for the first five
amino acids, ull averaged atomic temperature factors
(B-factors) for main chain atoms are below 25 A% As
expected, the highest B-fuctor deviations relative to the
bound structure have been observed for residucs be-
longing to the reactive site binding loop, especially for
the Pl- and P3-residue, which are very well defined in
the bound structure.

Except for McPhalen et al. [5], who could locate the
residue Leu-7, in all eglin/proteinase structures reported
so far, the eglin structure was only determined for the
residues 8 to 70. The first 6 amino acids could not be
located in any of the structures reparted. In contrast, for
free eglin all residues of the amino-terminal peptide
segment from Thr-1 to Leu-7 can be located, although
with some degree of uncertainty as illustrated by high
temperature factors. The amino terminus occupies the
only large solvent region in the crystal between neigh-
bouring molecules, extending to the reactive site binding
loop of an adjacent molecule (Fig. 4). Except for a salt
bridge formed between the side chains of Glu-2 and
Arg-53*, no interactions cun be observed in the final
model for the first four amino acids which only have
poorly defined electron density. The N terminus of re-
combinant eglin ¢ is acetylated: the ucetyl group also
shows only weak eleciron density.

As described previously [25], no obvious anchoring
points can be located for the amino-terminal hepta-
peptide of eglin, and according to methods of secondary
structure prediction [26,27] this peptide does not show
a strong propensity for any specific structural element.
Both considerations imply a high flexibility of the
amino-terminus, which is consistent with structural fea-
tures observed for free eglin ¢. The averaged atomic
temperature factors for the first five residues are ex-
trernely high (> 60 AY). As in bound eglin. the first
amino-terminal amine acids which are fixed to the eglin
core belong to the segment Lys-8-Phe-10, having inter-
main-chain hydrogen bonds to the carboxy-terminal
segments Pro-67-Val-69. Except for the neptide exygen
atom of Ser-5, which forms a hydrogen bend to the side
chain of Lys-8, all amino-terminal amino acids have no
contacts to the eglin core and hence in solution may be
able to adapt any conformation compatible with steric
restraints, leading to a high flexibility of the amino-
terminus which makes it potentially accessible to pro-
teinases. According to the investigations of Bode et al.
[251 with subtilisin and Pugliese et al. [28] with chymot-
rypsin, the amino-terminal peptide is cleaved between
Glu-6 and Leu-7 or Leu-7 and Lys-8. The cleavage
occurs at very low rates by free enzyme during forma-
tion of tha crystals. Hence the lack of the amino-termi-
nal peptide cannot be observed, neither in a freshly
formed complex between eglin ¢ and subtilisin [25] nor
at any stage during the purification process used in our
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Table 1. Main chain conformational angles ¢, (degrees) of the eglin ¢ and CI-2 reactive site
binding loops

Structure PSo9) | Paow) | Plew) | P2ew) | Pliew) | Plow) | P2'%w) | P30 | PA%ew)

Egline Ser-41 Pro-42 Val-43 Thr-44 Leu-4s Asp-46 Leu-47 Azg-48 Tyr-49
Cl-2 Thr-85 Ne-56 Val-57 Thz-58 Met-59 Glu-60 Tyr-61 Arg-62 Le-63
wt-cgl/therm? -66 138 | -67 127 j-120 162 | -64 133 | -99 80 | -103 166 | -108 129 | -137 122 |81 -3

wi-cgl/chym? -104 126 | -68 145 | -142 163 | -79 1567 | -102 50 | -104 162 | -161 11T | -132 120 | -77 10

wt-cgl/subC? -68 138 | -71 140 | -138 168 | -62 143 | -116 45| -97 169 | -117 110 | -121 112 | -76 -2
wt-cgl/subCt «64 141 | -76 138 | -143 165 | -656 151 | -112 42| -86 176 |-120 113 | -119 115 | -74 -2
wi-cgl/subN® -67 143 | -81 137 [ -184 172 | -71 133 | -96 44| -106 174 | -116 123 ] -120 122 | -81 -9

L45R-cgl/subN® -60 149 | -81 141 | -136 171 | -70 137 | -90 42 | -104 171 | -114 127 | -128 126 | -83 -16
R53K-¢gl/subN? -52 139 | -81 128 | -116 167 | -84 127 | -85 46| -103 172 [ -115 123 | -127 130 | -85 -8
Mcan(egl/sub) -58 142 | -78 137 | -134 169 | -70 138 | -100 44 | -101 172 | -116 119 | -123 121 | -80 B

@(cgl/sub) 44 44|45 52104 29|84 282|133 15| 42 27| 23 73| 42 75|47 58
wt-cg) (free)? -60 143 | -71 153 |-132 163 | -74 160 | -82 12| .99 169 |-111 128 |-128 123 |-78 -9
{Aegil* (abs) 2 1| 7 6] 2 6| 4 12| 18 32| 2 13| 5 8| 6 2| 2 1
|Begi*le] 04 02]16 81| 02 20|04 13| 1.3 208 05 50| 26 1.2| 14 03|04 02
CI-2 (frce)® -80 130 | -80 117 | -103 166 | -77 134 | -63 27| -91 128 | -93 117 |-125 115 |-63 .30
|Acislt[abs] 32 30| 3 23| s0 ol 18 13| 40 7| o 18| 18 8| ? 2| & 2
CI-2/subN?10 -112 160 | -93 140 | -133 166 | -64 147 | -103 34 | -81 146 | -106 109 | -118 113 | -59 .28

! Complex structure wild type- eglin ¢ /thermitase (8]

3 Complex structure wild type- eglin ¢ /bovine pancreatic a-chymotrypsin (3]
3 Complex structure wild type- eglin ¢ /subtilisin Cazlsbeg (6]

4 Complex stzucture wild type-eglinc /subtilisin Cazlsbeg {8]

8 Complex structuze wild type- eglin ¢ /snbtilisin Nove (10}

¢ Complex structure L46R-cglin ¢ /subtilisin Novo (10]

? Complex structure R63K-cglin ¢ /subtilisin Novo {10]

8 Present structure

8 Structure of the frec chymotrypsin inhibitor CI-2 [15)

18Complox stzucture CI-2 /subtilisin Nove [14)

¢ Difference between the mean conformational angles of eglin in complex with subtilisin and the conformational angles
observed in the structuze of free eglin, The difference is given in degrees and in units of the standard deviation.
t Difference (in degrees) between the conformational angles of CI-2 in complex with subtilisin Novo and free CI-2.

laboratory for wild-type and mutant eglins. Similar to subtilisin structures have been compared (subrilisin
eglin c. the chymotrypsin inhibitor CI-2 also has a long Carlsberg complexes with: wild-type eglin ¢ [6,5]; subtil-
floppy amino-terminus, comprising the residues 1 to 18, isin Novo camplexes with: wild-type eglin ¢, L45R-eglin
which is subjected to multiple proteolytic cleavage dur- ¢ and R53K-eglin ¢ [10]). The analysis reveals the fol-
ing purification [16]). McPhalen et al. [15] report no lowing points: (i) the side chain of the first core amino
gleviton density for the first cighieen residues ar an acid Lys-8 and the side chains of two residues on the
stage of their refinement. surface of the helix (Arg-22, His-28) have different con-

For a more thorough analysis of the structural difTer- formations in most of the different eglin structures,
ences between free and bound eglin, five difierent eglin/ seemingly due to crystal contacts; (ii) in all complexes,
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Arg-48 has a fully extended conformution, forming a
hydrogen bond with an enzyme residue. In contrast, in
free eglin ¢ the side chain of Arg-48 folds back und
forms a salt bridge with the side chain of Asp®-33: (iii)
the reuctive site binding loops of the discussed eglin
structures in complex with subtilisin show a well con-
served conformation; the only observed conformational
freedom is a bending at ‘hinges® where the loop enters
the core as previously described [10]. In contrast, the
binding loop of free eglin ¢ shows significant structural
differences (Tuble [ and Fig. 3). In comparison to the
complex structures, the core~binding loop interactions
are different in free eglin ¢. The side chain inteructions
Arg-51-Asp-46 (P1’-position) and Arg-53-Thr-44 (P2-
position) are lost, resulting from a shift in opposite
directions of the arginine head groups out of the plane
defined by the binding loop. seemingly caused by crystal
contucts (e.g. the Arg- 53-Glu-2* interaction).

4. DISCUSSION

The structural results confirm that the eglin core is
rather rigid. The few observed significant structural dif-
ferences affect only side chains of residues distributed
on the surfuce of the eglin molecule and ure caused by
crystial contacts. In contrast, the trunsition from the free
1o the bound eglin structure is accompanied by a con-
certed conformational chunge in the binding loop. im-
plying an induced fit, leading to the aduption of u struc-
ture complementary to the accessible enzyme surface.
This is in agrement with the high flexibility of the reuc-
tive site binding lcop observed by NMR investigations
[11]. Under complex or cyrstal formuation or both, only
one of all possible binding loop conformations is ‘{tozen
out'. Hence what is observed in the crystal structures,
is that conformation which has adapted best to the local
environment defined by the enzyme surface topology or
the position of crystal neighbours, A further example
for this induced fit mechanism is the bending at *hinges'
where the loop enters the core [10], which is observed
when comparing different cglin/proteinase structures,

Similar to the fr2e chymotrypsin inhibitor CI-2 [15],
binding loop stabilization provided by the arginines is
not fully preserved in the crystal structure of free eglin
¢. The electrostatic and hydrogen bonding interactions
of the two protruding side chains of Arg-51 and Arg-53
io the side chains of the Pl- and P2-residue are lost.
Only the hydrogen bonds to the main chain peptide
oxygen atoms of these residues remain unchanged. This
implies that the binding loop stabilization provided by

*According to DNAsequence ancd mass spectroscopy, residue 33 isun
aspurtate and not an asparagine, Among the eglin o/proleinase struc-
tures deposited in the Brookhaven Dula Bank (Upton, NY, USA). [8]
(! TEC) has the right resizlue aspariate, (6] and [5] (/CSE, 25EC) huve
the wrong residue usparaging.
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the arginines can be disterted easily (e.g. by crystal
contacts) and that it may not alwuys be present in {ull
strength, unless the binding loop udapts to the surface
topology of the enzyme upon formation of the complex.
Investigations are in progress in which the formation of
specific core-bincding loop interactions is prevented by
specifically designed mutants, Early results imply that
binding loop stability affects the inhibitory properties,
but not the velocity of binding to the enzyme. More-
over, the changed binding loop stabilization observed
in free eglin ¢ may be accompanied by higher loop flex-
ibility which allows the inhibitor ta interact with a wider
range of enzymes [31] and thus might be an evolution.
ary advantage, albeit the higher flexibility leads to less
tight binding to the enzyme. The total free energy of the
system is reduced upon binding due to entropic reasons
since the flexible binding loop is fixed by the enzyme in
u rigid position leading to a reduction of internal degees
of conformational freedom. However, the inhibition of
eglin ¢ towards subtilisin Curlsberg (&, = 1.5:10°" M),
bovine panereatic a-chymotrypsin (&, = 2.7.10°" M)
and humun leucoeyte elastase (h; = 1.5-107'") is quite
strong, and in evolutionary terms, the flexibility to in-
teract with a wider range of enzymes of comparable
specificity (31] might overcome this energeticul disad-
vintage [18).

In the erysial structure of free eplin, the amino-termi-
nal heptu-peptide is found in an extended conformation,
As predicted [25]. this peptide does not seem to have a
preference for a specific secondary structure and under
natural conditions is most likely to be able to adapt any
structural conformution compaltible with steric re-
straints, While the long, floppy curboxy terminus of
another low moleculur weight serine proteinase inhibi-
tor from the leech Hirudo medicinalis (hirudin) is of
specific functional importance in thrombin inhibition
[32.33], it is unknown whether the long floppy amino
terminus of eglin ¢ has any biological significance.
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