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MS04.07a.05 THE CRYSTAL STRUCTURE OF COLICIN 
IA. Michael Wiener, Douglas Freymann, Pmtho Ghosh, Robert 
Stroud. Depmtment of Biochemistry & Biophysics, University of 
Califomia, San Francisco, 94143-0448. 

The structure of the entire chmmel-fonning bacte1iocin (protein toxin) 
colicin Iahas been solved to a resolution of2.4A by multiple isomorphous 
replacement. The fonnation of ion-penneable chmmels in ta.rget cell 
membrm1es is a general mechanism of cytotoxicity. The process involves 
secretion of a soluble protein which inserts into the plasma membrm1e of 
the target cell m1d fon11S a lethal pore. Colicins, Escherichia coli protein 
toxins, are a well-characterized exmnple of this class of proteins. Colicin 
Ia crystals, comprised of approximately 80% solvent are in spacegroup 
C2221 (a=64.4A, b=l78.6A, c=285.5A). All data sets used in the structure 
determination were collected fi·om fi·ozen crystals with a synchrotr·on 
light source (SSRL bean1line 7-1 ). Heavy atom de1ivatives were obtained 
using mercmial soaks of engineered single-site cysteine mutants. 

The str1.1cture of the 69kD colicin Ia protein reveals the structural 
relationships between the three distinct domains which function, 
respectively, to i) bind to a receptor on the outer membrane of 
susceptible bacte1ia, ii) tr·anslocate across the outer membrane tlu·ough 
the receptor, and iii) bind to the inner membrane and fom1 a pore in 
the presence of the transmembrane voltage. The domains are 
sepm·ated by an extraordinmily long helical coiled-coil. 

MS04.07a.06 THE CRYSTAL STRUCTURE OF THE ASSEM­
BLYDOl\IIAIN OF THE CARTILAGE OLIGOl'VIERICMATRIX 
PROTEIN: A PENTAt\1ERIC COILED-COIL. Vladimir Malas 
Ekevich*, Vladimir Efimov, Richard Kmnmerer and Ji.irgen Engel. *De­
partment of Stll.Ictural Biology and Depmtment of Biophysical 01emis­
try, Biozentrum, University of BaseL Basel, Switzerlm1d 

The cqstal structure of the a-;sembly domain of the cmtilage oligo­
meric matrix protein (COMP), a pentameric glycoprotein of the 
thrombospondin family found in cmtilage m1d tendon, was detem1ined at 
2.03 A resolution using MIRAS phasing with xenon, 
(CH3)3Pb(COOCH3)3 and Pr(COOCH3)3 fmther improved by solvent 
flattenincr and five~fold avera£ing. Self-association ofCOMP, as well as 
of at le~t two other extracellul~ matrix proteins, thrombosponilins 3 
and 4, is achieved through the fonmtion of a five-str·m1ded a-helical 
bundle which involves 64 N-tem1inal residues (20-83). The complex is 
fiuther stabilized by the interchain disulphide bonds between cysteines 
68 m1d 71. Circular dichroism measurements show that the structme of 
the assembly domain remains intact even at temperatures above I OOOC. 
Wlllie the cryst£'11 structures of two-, tlu·ee- and fom-stranded a-helical 
bm1dles were reported before, that one of tl1e pentai11eric coiled coil is 
novel. The migins of the extreme thennal stability, the unusual degree of 
oligomelization and tl1e role of the intemal hydrophobic axial cavity are 
tl1e questions to be addressed in tl1e cmTent study. The peptides contain­
ing 64, 52 or 46 residues were produced by expression in Escherichia 
coli, but well diffracting crystals were obt£1ined only witl1 t11e 46 residues 
fragment (Ph a=38.47 A, b=49.47 A, c= 54.98 A and ~= 103.84°). The 
centr·al pmt of tl1e molecule w11ich includes five heptad repeats (residues 
29-65), obeys approximate five-fold symmetry while the remaining res­
idues at theN- and C-tem1ini show significant deviations fi·om tl1at. Str·ong 
sy1m11etry violations could explain tl1e little success acl1ieved in om ear­
lier attempts to solve t11e structure by tl1e molecuhu·replacement methods 
witl1 tl1e idealized theoretical model. FragmenL<> adjacent to tl1e disulphide 
blidges are significm1tly disordered in the nment model probably due to 
the partial degree of oxidation or disulpl1ide bridge reshuffling. The long 
hydrophobic axial cavity in the core of tl1e str1.1cture is regularly constrict­
ed by the lings of aliphatic side chains. Two additional constrictions are 
fo1111ed by tl1e lings of met11im1ines aJ1d glutainines. The ability of the 
cavity to acconu11odate non polar groups was successfully used for pre­
paring the xenon derivative, but in t11e native structme the cavity is filled 
with water molecules. 
The firm support from Prof. J.N. Jansonius is gratefi.I!ly acknowledged. 
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MS04Jl7b.01 CRYSTAL STRUCTURES OF A VARIETY OF 
CATALYTIC ANTIBODY FABS AT 2.0 A RESOLUTION. 
Raymond C. Stevens, Chen1is1:Jy Depmtment, University of Califomia, 
Berkeley 94720 

Cat£'llytic Mtibodies were designed to catalyze a vmiety of different 
chen1ical reactions. To date, more than I 00 different chen1ical reactions 
have been catalyzed with the assistance of m1tibodies. The catalytic 
efficiencv of these m1tibodies has vm·ied, but few have had catalytic rates 
compm·able to enzymes. Furthermore, only a few cat£'llytic m1tibody 
stmctures have been detennined. Based on the crystallographic 
investigations described below, a compm·ison will be made to evaluate 
sin1ilmities and differences between a number of different catalytic 
m1tibodies. The str1.1ctures suggest a number of different modification 
that ccm be made to improve the catalytic rates. Fmthem1ore, by studying 
tl1e mature m1tibody str1.rctures <md compming tl1em to the gemiline 
antibody str·uctures. one mav be able to lem11 a great deal about how tl1e 
in1mun~ system increases it~s affinity for m1tige~, m1d allow one to tl1ink 
differently in tl1e design of catalytic cmtibodies m1d hapten. 

We have deten11ined tl1e 3-dimensional c1ystal str1.1ctme of the 48G7 
Fab ester hydrolysis catalytic m1tibody at 1.9 A resolution in the presence 
of hapten, m1d 2.6 A in tl1e absence of hapten. Very few chm1ges are 
observed between tl1e two Strl.ICtures. vVe m·e presently refining the 
strl.Ictures of the gem1line constr1.1cts of tl1e 4807 m1tibody in m1 effmt to 
understand tl1e antibody maturation process. 

A second system under investigation is the sulfide oxidation m1tibody 
catalvzed reaction. 111is Fab structure has been detemrined at 1.7 A 
resol~1tion in tl1e presence of hapten, m1d 2.2 A resolution in tl1e absence 
of hapten. Sin1ilar to tl1e ester hydrolysis Fab str1.1cture, ve1y few chm1ges 
are observed between tl1e apo m1d hapten bound forms. Interestingly, tl1e 
antibody binding site appears to be primarily m1 entropic trap for the two 
substr·ate molecules that combine to form product. Based on tl1e strl.IctLu·e 
detennination, modification of hapten design m1d antibody mutagenesis 
m·e in progress to improve tl1e catalytic efficiency oftl1e m1tibody reactions. 

A tl1ird system under investigation is tl1e m11inoacylati?n antibody 
catalyzed reaction. The strl.IC1llre ha<> been detem1ined at 2.6 A resolution. 
Of all of the catalytic 'mtibodies, this m1tibody is one of the fastest Mtibody 
catalyzed reactions to date. 

MS04.07b.02 CRYSTAL STRUCTURE OF THE GUAJ\ilNE NU­
CLEOTIDE DISSOCIATION INHIBITOR (GDI) DETERMINED 
AT 1.81 A RESOLUTION. Ke Zeng, Isabelle Schalk, Sl1ih-Kwang 
Wu. EruicoA S111ra, Jemme Madison, M. Hum1g, TandonAnurag, W. E. 
Balch m1d Im1 A Wilson, Depmtments of Moleculm· Biology m1d Cell 
Biology, 1l1e Sclipps Resem·ch Institute, 10666 N. Ton·ey Pines Rd., La 
Jolla, CA 92037 

1l1e c1ystal strl.IC11Ire of the bovine a-isofom1 of gum1ine nucleoti~e 
dissociation inhibitor (GDI) has been detem1ined to a resolution of l.8A. 
GDI functions in tl1e general recycling of Rab proteins tl1at m·e involved 
in regulation of membrm1e vesiculm· tr·affic. The str1.1cture of GDI con­
sists of two mqjor domains. The Jm·ge domain (I) is folded like a cylinder 
composed of four B-sheets. 1l1e topology m1d tl1ree dimensional strl.IC­
ture of domain I surp1isingly resemble those of mono-oxygenases and 
oxidases. Althom:h GDI str1.1cture has the simihu· groove found in tl1ose 
enzymes for FAD binding, m1d even tl1e sequence renu1m1t Gly-x-Gly 
strl.IC11Irally aligned well witl1 the COITesponding sequence Gly-x-Gly-x­
x-Gly for nucleotide binding in those enzymes, no bound ligand was 
observed in tl1is groove of GDI s1:Jl.IC11Ire. The smaller domain (IT) of GDI 
contains only a::-helices <md fonns a V-shaped struc111re witl1 domain I. 
1l1e tlu·ee dimensional str1.1cture of GDI has distinct regions conespond­
ing to t11e sequence conserved regions (SCRs) tl1at m·e collli11011 to the 
clzoroideraemia (CHJ\II) gene product functioning to deliver Rab to cata­
lytic subm1its of Rab geranylgenrm1y!tr·ansferase II. The distribution of 
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these conserved regions suggests that the folding of CHM and GDI may 
be similar. Site-directed mutagenesis of a region defined by two of the 
SCRs which fmms a compact structure at the apex of domain I reveals a 
critical role for this region in the binding of Rab proteins. The crystal 
structure of GD I has been deten11ined using MIRAS method and refined 
to crys1:c1.llographic R -value of 19.8% and R -free 27.5% for a total of 4 30 
residues of the molecule in ti1e asymmetlic unit. 

MS04.07b.03 
COMPLEX 

THE STRUCTURE OF EF-Tu-EF-Ts 
SUGGESTS A MECHANISM FOR 

NUCLEOTIDE RELEASE. Takemasa Kawashima, Carmen 
Berthet-Colominas. Michael Wulff*, Stephen Cusack and Reuben 
Leberman, EMBL Grenoble Outstation B.P. 156, 38042 Grenoble 
Cedex, France, *European Synchrotron Radiation Facility, B .P 220, 
38043 Grenoble Cedex. France. 

The crystal stmcture of the bacterial elongation factor complex EF­
Tu-EF-Ts from Escherichia coli has been deten11ined at 2.5 A resolution. 
It reveals a typical guanine nucleotide binding protein in interaction with 
its guanine nucleotide release factor. The complex is a terr·amer where 
two EF-Ts form a tightdi.mer and each EF-Tu binds essentially to one 
EF-Ts, with barely any contact between EF-Tu, such ti1at the complex is 
best described by the fmmula EF-Tu-(EF-Ts)2-EF-Tu. Compmison of 
EF-Tu-GDP and EF-Tu-EF-Ts shows that the conformational change 
between the two stll.Jctures mainly alters the magnsium binding site, by 
disrupting the coordination of the ion. This suggests a moleculm 
mechm1ism by which EF-Ts releases the GDP bound to EF-Tu where ti1e 
affinity of EF-Tu for GDP is lowered by ilie loss of ti1e magnesium ion. 

Kawashima. T.. Berthet-Colominas. C .. Wulff. M .. Cusack. S. and 
Leberman. R. Narure 379. 511-518 (1996). 

MS04.07b.04 GANilYIA-FffiRINOGEN: CRYSTAL STRUC­
TURE OF A 30 KDA C-TERtV.ill\'lJS FRAGMENT AT 2.1 A RES­
OLUTION. V.C. Yee. K.P. Pran, H. C. Cote, I. Le Trong, D.W. Chung, 
R.E. Stenkm11p, and D.C. Teller, Depmtments ofBiochemistly and Bio­
logical St!l.rctme, University of Washington, Seanle, WA., 98195 

The crystal srr·ucture of a 30 Iilla carboxyl terminus fragment 
of the t1brinogen gamma chain has been determined using MIR phases 
to 2.5A resolution. and refined against diffraction data to 2.1 A reso­
lution. Fibrinogen is the central stmctural protein in the blood coag­
ulation process. Cleavage of fibrinogen by ti1e serine protease throm­
bin yields t1brin, which spontaneously polymerizes to fom1 a clot 
matrix. Subsequent covalent crosslinking by factor XIIIa, a 
transglutm11inase, produces a mechanically and proteolytically sta­
ble blood clot. 

Fibiinogen is a disulfide-crosslinked dimer of heterotrimers, 
and contains two copies each of ilie alpha, beta, and gamma chains. 
A recombinant 30 kDa C-terminus fragment of the gamma chain 
containing the principle factor XIIIa crosslinking site, the calcium­
binding site, the platelet receptor recognition domain, pmt of the 
polymerization surface, and one of the sites which accelerate t-PA 
activation of plasminogen. has been the focus of our crystallograph­
ic studies. This fragment crystallizes in space group P21 m1d its 
structure has been determined using MIR phases to 2.5A resolution. 
The model has been refined against 2.LA resolution diffraction data 
to give Rcryst=l5.5% and Rfree=22.7'7c. 

This first structure of a large fibrinogen fragment provides fresh 
insight into the polymerization m1d crosslinking events important 
dming blood clot formation. In other work, we have determined 
several crystal structures of factor XIII in vaiious forms. Our struc­
tural characterization of both enzyme and substrate extends our un" 
derstanding of ti1e trans glutaminase reaction, and provides infon11a­
tion that will be helpful in continuing studies toward obtaining the 
stmcture of an enzyme-substrate complex. 

This work has been funded by NIH grants HL-50355 and HL-16919. 

MS04.07b.05 STRUCTURAL BASIS OF CALCIUM INDUCED 
E-CADHERIN RIGIDIFICATION AND DIMERIZATION 
Bhushm1 Nagm,* Michael Overduin;i" Mitsuhiko llmra,·c Jmnes M. Rini.* 
'Depmtments of Moleculm· m1d Medical Genetics m1d BiochemistJ.y, 
University of Toronto, Toronto, Ontmio, M5S lAS, Cm1ada, iDivision 
of Molecular <md St!l.Jctural Biology, Ontmio Cm1cer Institute m1d De­
pmtment of Medical Biophysics, University of Toronto, 610 University 
Avenue, Toronto, Ontmio, M5G 2M9, Canada. 

The cadherins mediate cell adhesion and play a fundm11ental role in 
nom1al development. They typically consist of five tm1demly repeated 
exrr·acellulm· domains. a single membrm1e spmming segment. and a cy­
toplasmic region. The N-tem1inal extJ.·acellulm· domains mediate cell­
cell contact while the cytoplasmic region interacts witi1 the cytoskeleton 
ti1rough ti1e catenins. Cadherins m·e defined by their calcium dependence: 
removal of calcium abolishes adhesive activity m1d renders cadherins 
vulnerable to protenses. The two N-terminal domains of epithelial cadherin 
(E-cadherin) have been expressed in E. coli m1d crysi:c'lllized fi·om llmg/ 
mL solutions by the hm1ging-drop vapom-diffusion meti1od in the pres­
ence ofCa2+. The well solution consisted of l.2MAmmonium sulphate, 
30 mM CaCh, lOOmM T1is buffer pH 9.0. Plate-like crystal clusters of 
dimensions 0.6 x 0.4 x .02 mm grow within 2 days in space group C2 
(a=l22.0, b=80.5, c=73.2 A. 8=114.5°. The stJ.l.rctme was solved (to 2.0 
A resolution) using a combination of multi wavelength anomalous dif­
fi·action (MAD) phasing and real space averaging techniques. The stluc­
ture reveals a two-fold symmetlic dimer, each molecule of which binds a 
contiguous army of three bridged calcium ions. Each molecule of the 
din1er is composed of two 7 -stJ.·anded G-bmTels cormected by a 10 residue 
linker. Not only do ti1e bound calcium ions linearize m1d rigidify ti1e 
molecule, but iliey promote dimerization. The E-cadherin dual domain 
stll.Jcture defines the role played by calcium in ti1e cadherin mediated 
fom1ation and maintenance of solid tissues. 

MS04.07b.06 A THREEFOLD SYMMETRIC B-PRISM 
FOLD WITHOUT INTERNAL SEQUENCE HOMOLOGY 
IN THE STRUCTURE OF THE TWO-CHAIN LECTIN, 
JACALIN. M. Vijayan, K. Sekar, R. Banerjee, S.K. Mahanta, A. 
Surolia and R. Sankaranarayanan, Molecular Biophysics Unit, 
Indian Institute of Science, Bangalore- 560012, INDIA. 

Jacalin, a tetrameric lectin from the seeds of jackfruit 
(Artocarpus integrifolia) specific to the tumor associated T-anti­
genic disacchar·ide, contains a 133 residue long a-chain and a 20 
residue long ~-chain in the subunit. The protein does not exhibit 
sequence homology with any other protein oflmown stJ.·ucture and 
hence its stmcture with bound methyl-a-galactose was determined 
by the multiple isomorphous replacement method and refined to 
R=l7.5% for 20,822 reflections at 2.43A resolution. The crystal 
asymmetJic unit contains two half-tetramers, each with 222 sym­
metry. Each subunit essentially consists of two Greek keys and 
one Greek key-like motif, arranged in a threefold symmetric fash­
ion. The ~-chain forms par·t of the Greek key-like motif and plays 
an important role in subunit association. Unlike in the case of 
vitelline membrane outer layer protein-I, the threefold symmetry 
is not reflected in the sequence. Furthermore, the three Greek 
keys in the former me connected by disulfide bridges while in 
J acalin the threefold symmetric structure is stabilized entirely by 
non-covalent interactions. The structure of Jacalin presents the 
first observation of a ~-prism fold in a lectin. Two of the loops at 
one end of the prism constitute the cmbohydrate binding site which 
shows novel features including the involvement of a N-terminal 
amino group generated by post-translational modification. 


