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Wheat germ contuins ap mhubitur far praleinuse K, called PKI3 (M, ~

19 600) whwh !Irnulmncuusly fnhibitg u-amylme PKIYwas cryswllizr:d Lpace

group P2, amd1,02 (5) A, b=651R (7 Ay em 3233 () A, = 11219 9), Xemy dutn were collected to 2.5 A regalution, the structure soived by

molecular replacement on the busis of the atonit coardinates of the homalagaus Erythring caffra DE-3 inhibiter, und refined with simulated anneals

ing techniques with u currert R-fuctar of 21%. The (hree-dimensional structuse af PK13 is stahilised by wo disulfide bridges und has o eentrul

ﬂb.nrrel wnh disterted frstructure. In anilogy to rehuted inhibitors, the binding site for proteinase K is usumed 1o be located on the xurmcu nf
- the pratein (amino neid residucs 6& &7), ullhmu,h the 75=-76 peplide bond is cleaved upon binding.

 Inhibitor; Prutcmnsa K..:-Amylusc; X-ruy slrueture; Mnlceul.tr repluc.cmml; Simulited nnneulmg _

l. INFRODUCTION

Specific inhibitors are found in all kinds of tissues
‘together with proteinases. Their function is to regulate
the activity of the proteinases, thereby protecting the

cells against uncontrolled proteolysis. The naturally oc-

curring protein inhibitors for prolcinases are always

specific for enzymes belonging to one mechanistic

class, but some of them have been reported to have ad-
ditional inhibiting activity against a-amylase {l 2]

Inhibitors for serine proteases are under intensive in-

‘ vcstlgatlon' hundreds of them were ‘isolated,

characterized and sequenced. The reaction of these in-
hibitors with a protease can be described by a *standard

mechanism' suggested by Laskowski [3] for soybean
trypsin inhibitor (SBT1), which includes the formation
of a 1:1 complex of both proteins followed by the
cleavage of one peptide bond of the i.nhibitori The com-
plexes enzyme/inhibitor and enzyme/modified in-
hibitor are of similar stability. The cleavage of the
* peptide bond can be used for chemical mutagenesxs of
the active site of the inhibitor [4].

Up to now, the crystal structures of two serine pro-
tease inhibitors from leguminosae belonging to the
- Kunitz-type soybean trypsin inhibitor family have been
determined: SBTI [5] and DE-3 from Erythrine caffra
(DE-3) [6]. In spite of the limiled sequence s:m'lar-ty
(35% identical amino acld residues), the three-
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dimensional structures are very similar. Both proteins .

" are globular with a diameter of ~35 A, Their second-

ary structure is mainly of the g-type with only small
portions of regular B-sheets. Six of the B-strands form
a distorted B-barrel with a core of hydrophoblc ammo ‘
acid side chains,

We now have determined the crystal: structure of a
related proteinase K (PRTK) inhibitor from wheat
germ, PKI3. It has 26% sequence identity with DE-3
(31% with SBTI). PKI3 consists of a single polypeptide
chain with 180 amino acid residuecs and has a molecular
mass of 19 641 Da [1]. It is also a potent inhibitor for
o-amylases from wheat and from several insects. It is
assumed that PKI3 has two different binding sites:

- because the activity against o-amylase is retalned after‘
_ incubation with PRTK [2].

2 MATER]ALS AND METHODS

PKI3 was lsolalcd as described [7]. Cryslals with dlmcnsmns 0.8 x
05 = 0.2 mm' were oblained through microdialysis agains
polyelhylcne glycol, pld 6.7, within a few days [8]. They belong to the )
monoclinie space group P2; with unit cell dimensions @ = 43.02 (5) A,
b=65.18 () A, ¢=32.33 (A, B=112.79° (%),

Crystals were mounted in thin-walled glass capillaries for X-ray ex-
periments. Intensity data up 10 2.5 A resolution were meastired on a
STOE four-circle diffractometer using Ni-filtered CuKe~radiation in
the 20/w step-scan mode (h=1. 5418 A), Three reflections measured

. every 60 min were used to coirect the data for radiation damage. The

intensity data were corrected for Lorentz- and polarisation effects
and a semi.-empirical absorption correction [$] was applied.

The crystal structuré of PKI3 was determined by mélecular -
replacement using a model structure based on the reldted inhibitor
DE-3 from Erpthring caffre whose preliminary atomic coordinates
were Kindly provided by S. Onesti, P. Brick and D, Blow (Imperial
College of Science and Technology; London). The model structure
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Wwar comITuIes by alignment of The nmine acid sequenves {10) and

exchunge of differing »iehe ¢hain deletions were mady. but nu Inices
tons (Vi) The final seareh mesded camprhicd 169 awy Qf 150 amine.

“ackd residuex,

Tite program package MERLOT {12] way wied 10 salve the rotation

Tunction and the irenslatlon problem. The roration function gave
single solulien, The packing Manetion indicied only ane povible
moledular povition whieh could Be confirmed with the vramdalion

function. Afer four cyeles of figid body refinement {13) the R.vahie -

cpnvéru!d a was 0,51 (R = 0.801) far refleerions between ¥ and 5.3
A resolntion, The deciran density wax galvulued and displayed on a
PS0 veetar graphicy display [4). The prowcin straeture was fned ine
16 the eleetron density and tien divided inte 1Y siraetural damains.
Rigid body refinement of theve doman was earrled out, the madel
adjusied manually and refined by sinulaied anneating using 1he pro-
gram XPLOR {1%). For the first refinement ¢y<le the resalution range
wHi chisen between 8 and 3.5 A with the temperatore santral facter
st 10 2000 K. The H-value after refinement wii 8 = 20,3%, At this

- stage several manuat gdjustments ineluding omit msps were neeesinry
ta fit the polypeptide ehain imie 1he elexiron demity, The sesulling
mode! which deex ol inelude ny water molgeuler wis agnin refined
Wit XPLOR agalnst all intensity data between 3 and 2.5 A resolu-
tion, . Individugl temparsture faciors were axvigned for !l nan.
hydrogen soms, with mean He 13,2 AY The current Ravitlue iy
R =219 for 46RO data with |Fa) & deika)®. ‘

3. RESULTS AND DISCUSSION |

A ichematic representation of the three-dimensional
structure of PKI3 is shown in Fig. 1. The main struc-
tural feature is a distorted 6-stranded f-barrel con-
sisting of antiparallel 8-strands 1, 4, 5, 8, 9and 12, The
core of the B-barrel is mainly hydrophobic. Similar ar-
rangements have also been found for ¢.g. papain [16)
.and interleukin-18 171 . - ‘

The folding of PKI3 is shown in Fig. 2. The three-

- dimensional structure is stabilized covalently by two .
disulfide bridges (cysteines 42-89 and 143-147), both -

on the surface -of the protein and solvent-accessible.
The N-terminus of PKI3 is located between two loops
connecting B-strands 4 and §, and 8 and 9, respectively,
and closes the. ‘entrance’ to the fg-barrel. The C-
terminus is an clongation of B-strand 12, protruding
from the protein like a finger. ‘ .
In spite of the low sequence homology the overall
structures of PKI3 and DE3 are very similar, The
largest deviations in the backbone folding are due to in-
sertions or deletions occurring in loops about residues
72-79, 98-112, and 143-147, ‘
© PKI3 is rich in prolines which constitute 8.3% of the
amino acid residues, Three of the prolines are located
at the N-terminus (amino acid residues 2-4), and two
“near the C-terminus (amino acid residues 178-179),
Prolines 63 and 68 flank the loop which contains the
* binding site in SBTI. The remaining prolines are
located on the surface of the protein in loops connec-
ting 3-strands.

. Based on this structure information, the binding site

8C,~atom coordinates will be deposnéd in the proigin data bank
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Fig. 1. Cartoon presentition of PKIY. - The @-strands are related hy
a threesfold pseudo-symmetry, Strands 1,4, 3,8, 9 and 12 form an
' ‘ nntiparallel #-barrel.

for a-amylase cannat be derived. This is because in the

a-amylase inhibliors Haim Il and Hoe-467A a fune-

-tionally essential tryptophane is located in the binding

sites with a characteristic Trp-Arg-Tyr-stack [18]. PKI3
contains only two tryptophanes which are internal and
not exposed on the surface, and consequently cannot be
considered as part of the functionally active site.
Incubation of PKI3 with PRTK leads to the cleavage
of the Ile-75-Ser-76 peptide bond in PKI3, We have
tried to model the structure of the complex between
proteinase K and PKI3 with this bond in the active site.

" This is not possible without major changes in the con-

formations of eithér protease or inhibitor. The peptide.

-bond in SBTI which is hydrolyzed by trypsin in'the in-

hihition process is Arg-64-Ile-65 [19]. 1t is structurally

‘equivalent to Gly-66-Ala-67 in PKI3 which is localized

in a loop connecting B-strands 4 and 5 at the surface of
the ‘protein and therefore easily accessible by the
protease. ‘ : : ‘ . o
The complex between proteinase K and PKI3 was
crysiallized and X-ray data were collected to 2.5 A
resolution. Molecular replacement techniques with the
atomic coordinates of proteinase K [20] and PKI13 from

" this study were used to place the two molecules in the

crystal symmetric unit. This led to a complex where the
segment Gly-66-Ala-67 of PKI3 is located in the active

- site of proteinase K. This structure is under refinement

and will give information concerning specific protease-
inhibitor interaction and on the functional mechanisin
of this c¢lass of inhibitors, '
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Fig. 2. Sierzo plot of the Ca-backbone of PKI3, The'binding‘sllc far proteinnse K is assumed 10 beleoeated in a laop. |t Is marked by an arrow,
‘ ' ‘ : Disullide bridges are indicated by thick lines. : : :
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