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03.11 - Proteins of Medical Interest

PS-03.11.01 THE CRYSTAL STRUCTURE OF PORCINE PANCREATIC
SPASMOLYTIC POLYPEPTIDE; A MEMBER OF A NOVEL FAMILY OF
GROWTH FACTORS. By Amitabha De, M. A. Gorman, D.
Brown*, M. R. Sanderson*, M. Carrts A. N. Lane+, and

P. S. Freemont, Protein Structure Laboratory, Imperial
Cancer Research Fund, *The Randall Institute, King's

College, +National Institute of Medical Research,
London, U.K.

Porcine pancreatic spasmolytic polypeptide (PSP) be-
longs to a family of novel growth factor-like polypep-
tides which have been isolated from a variety of
sources and includes spasmolysin (frog; Hoffmann, W
J. Biol. Chem., 1988, 263, 7686-7690) . APEG (frog;
Gmachl, M. et al., FEBS Lett., 1990, 260, 145-148), hsp
(man; Tomasetto, C. et al., EMBO J., 1990, 9, 407-414)
and pS2 (man; Rio, M. C. et al., Science, 1988, 241,
705-708) . PSP is produced in large amounts in the
pancreas and has been shown to inhibit both intestinal
motility and gastric acid secretion suggesting
involvement in the exocrine function of the pancreas,
Jorgensen, K. D. et al., Requl. Peptides, 1982, 3, 231~
243) . Recent studies of the human analogue hSP suggests
a role in the healing of damaged endodermally-derived
tissue, such as in gastrointestinal ulcers (Wright,

N. A. et al., Nature 1990, 343, 82-85). PSP (106 amino
acids, 11,700 daltons) is a monomer and comprises seven
disulphides and two highly homologous domains, residues
8-47 and 58-96, which are approximately 50% identical
{Thim, L. et al., Biochim. Biophys. Acta, 1985, 827,
410-418) . Each domain has three disulphide bonds which
gives rise to the proposed three looped “trefoil-like"
motif which is distinct from any other characterised
growth factors (Thim,, L., FEBS Lett., 1989, 250, 85—
90) . These repeated domains are also seen in human hSp
and a single domain is found in ITF (intestinal trefoil
factor) from rat (81 residues) and human pS2 (60
residues). Understanding the role of pS2 is of partic—
ular importance since approximately 50% of oestrogen
dependent human breast tumours secrete pS2 (Brown,

A. M. C. et al., P.N.A.S. 1984, 81, 6344-6348; Foekens,
J. A. et al., Cancer Res., 1990, 50, 3832-3837) whereas
in normal breast tissue there is no significant
expression of pS2 (Rio, M. C. et al., Science, 1988,
241, 705-708). However, as yet the molecular role of
pS2 is still unknown.
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In order to understand the molecular function of
PSP, hSP and more importantly pS2, we have grown
crystals of PSP suitable for high resolution structural
analysis (Gorman, M. A. et al., J. Mol. Biol., 1992,
228, 991-994) and have now solved the structure by the
single isomcrphous replacement method combined with
solvent modification. The preliminary model and
protein fold was interpreted with the help of the
recently determined NMR structure of one domain of PSP
(Carr, M. D., Biochemistry, 1992, 31, 1998-2004) which
proved vital in assigning unambiguous parts of the
structure. The structure comprises two domains, as
suggested by the sequence, which are related by an
approximate two-fold axis. Each domain consists of a 7
residue a-helix followed by a short anti-parallel B-
strand which gives rise to three exposed loop regions
between secondary structure elements. The topology of
PSP is novel and has not been observed in any other
protein to date. The crystal structure of PSP will be
presented and compared to the NMR solution structure
and both structures will be discussed in terms of the
function of PSP as a growth factor.

PS-03.11.02
PRELIMINARY CRYSTALLOGRAPHIC STUDIES OF MOUSE

LIVER GLUTATHIONE S-TRANSFERASE Yb1. By Q. Zhao*, J. Hayes, R.
Wolf and H.Driessen, Imperial Cancer Research Fund, Unit of Structural
Molecular Biology, Birkbeck College, London WC1E 7HX, UK

03-Crystaliography of Biological Macromolecules

The glutathione S-transferases (GST) are a family of enzymes which play a
critical role in cellular detoxification processes of mutagens, carcinogens, and
other noxious chemical substances and are implicated in the development of
drug resistance to electrophilic anticancer drugs, pesticides and herbicides.
The enzymes catalyse the nucleophilic addition of the thiol group (-SH) of
reduced glutathione (GSH) to a large number of structurally diverse
electrophiles making them more polar. A second function for GST's is that they
serve as intracellular carrier proteins, binding with high affinity a number of
hydrophobic compounds such as heme, bilirubin and bile salts.

in order to understand the mechanism by which the enzymes bind GSH and to
establish structure/function relationships, with an eys on selective inhibition of
GSTs in anticancer chemotherapy, we have crystallised mouse liver GST
isosnzyme Yb1 (j class) for thres-dimensional structure analysis using single
crystal X-ray diffraction methods. The enzyme has been crystallized by the
vapour diffusion method in the presence of ootyl-glutathione and octyl-
glucopyranoside using polyethylene glycol 6000. The crystals are monocfinic,
space group P24, cell dimensions a=79.52 A b=7481A c=7886 A, a=y=
90.0°,8=90.07° and diffract to at least 2.5 A resolution on a rotating anode
source. Two dimers in the asymmetric unit (V,,=2.27) interact around 24
screw axes in the pseudo-orthorhombic space group P242424, while the intra-
dimer two-fold axes are at an angle of 12.5° and 77.5° from the b-axis in the
b-c plane.

An initial attempt to solve the structure of mouse Yb1 with the technique of
molecular replacement using the pig w coordinates (Reinemer, Dirr,
Ladenstein, Schffer, Gallay and Huber, EMBO Journal, 10, 1997-2005, 1991)
has failed. The sequence identity is only 32.9% in this case. The structure of
mouse Yb1 has now been solved to 3.0 Awith molecular replacement using

the coordinates of one homo-dimer of the rat Ybi (p class) structure (Ji,

Zhang, Armstrong and Gilliland, Biochemistry 31, 10169-10184, 1392). Rat

and mouse Yb1 have a sequence identity of 93.1 %. Currently the mouse YB1

structure has been refined to a residual of 21.3% at 2.8A. Initial results show

that all 4 GST molecules have octyl-GSH bound in the G-site (GSH and its

derivatives binding position). The octyl-tails have well-defined electron density

and have very similar conformations. The octyl-tail bends away from Tyr

(100)6, and from the putative H-site (Hydrophobic compounds binding site),

and stretches across the cleft to within a distance of 4 A from side chains on

helix _4. The direction of the bending is complelely different from that of the

hexyl-tail in human

Detailed analysis has not yet been possible, as the refinement has not been
completed. However, there appear to several areas, where the dimer pairs
have different interactions on the surface. These areas do not appear to
correlate with the residues where rat and mouse differ and there are clear
differences between the positions of the octyl-tail in GSH. Further work is
under way to study in more details the substrate binding sites of the enzyme.

PS-03.11.03 THE CRYSTAL STRUCTURE OF CHOLESTEROL
OXIDASE COMPLEXED WITH A DEHYDROISOANDRO-
STERONE SUBSTRATE AT 1.9A RESOLUTION by Jiayao Li*,
Peter Brick & David Blow Imperial College of Science,
Technology and Medicine, London, UK

The  crystal  structure of Cholesterol Oxidase from
Brevibacterium = Sterolicum complexed with a dehydroiso—
androsterone substrate was determined by difference Fourier
techniques at 1.9A resolution. The Km measurements and the
solubility was no more than 50%. The model refined up to
R=14.5% by PROLSQ contains 3877 nonhydrogen protein atom
plus a FAD molecule, a steroid molecule and 435 waters.

Comparison of this structure with the native enzyme structure
(Vrielink, A, et.al. 1991, J. Mol. Biol. 219, 533-554) shows some
interesting features. The substrate binding site which is deeply
buried inside the protein molecule and was filled with an
ordered lattice of 13 waters is now replaced by density for the
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