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~y an eight-residue coil segment. The model 
is used to predict the folding kinetics of 
apomyoglobin and of the lambda-phage repressor 
operator-binding domain. 

02. X-5 BASE SEQUENCE EFFECTS IN TIlE STRUCTURES OF 
OLIGONUCLEOTIDES By Struther Arnott, R. 01andrasekaran, 
R. C. tllillane, R.-G. He, L. C. Puigjaner, and J. K. 
Walker, Department of BioloGical Sciences, Purdue 
University, West Lafayette, Indiana 47907, USA. 

It is of no little interest to determine whether or not 
the nature of the base-sequences within a nucleic a(:id 
duplex are indicated on the surface by features of the 
sugar-phosphate backbone. If they are, then regulatory 
proteins and enzymes which have to bind to specific DNA 
sequences might more easily recognize their host 
sequences. Detailed X-ray analyses of the'structures of 
various allomorphs of poly d(A) 'poly d(T), 
poly d(AT) 'poly d(AT), poly d(IC) 'poly dCIC), 
poly d(GC) 'poly d(GC) and poly d(ACC) 'poly d(GGT) in 
uniaxially oriented, polycrystalline fibers show that 
nuclecitides 5'NpN 3' where 5'N is a purine and N 3' a 
pyrimidine have either t> t or t> g- conformations at 
C3' -03', 03' - P which lead to similar orientations of 
phosphate groups. On the other hand, 5'Py~Pu 3' 
nucleotides commonly have g-> t conformations at 
C3' -03', 03' - P which are associated with a markedly 
different orientation of the phosphate groups. It 
would be difficult to devise a more effective but 
parsimonious sequence discriminator than the way in 
which the t,fO changed oxygen functions were presented 
on the surface of a DNA duplex. 

In the case of poly d(A)'poly d(T), the chemical 
distinctiveness of the nfO antiparallel strands is 
amplified by the fact that the furanose rings on each 
strand are puckered differently -- C2'-er~o in 
poly d(T) and C3'-endo in poly d(A). Such 
heteronomous duplexes have unusually pronounced 
directional properties. 

02. X-6 SEQUENCE DEPENDENT OLIGONUCLEOTIDE 
CONFORMATION FROM SINGLE CRYSTAL STUDIES. Olga 
Kennard, University Chemical Laboratory, Lensfield Road 
Cambridge CB2 lEW, U.K. 

The double helical structure of DNA, Dostulated by Watson 
and Crick some 30 years ago, is a fundamental conceDt of 
modern molecular biology. The role of the base sequence for 
the transmission of genetic infomation, the now familiar 
triDlet code, was recognised from the outset. Subsequent 
biochemical and genetic eXDeriments indicated that the 
primary base sequence may, in addition, play a part in the 
control of gene eXDression and in DNA cleavage and reDair. 
Enzymes involved in these events recognise and interact with 
sDecific base sequence and thus with sDecific, three­
dimensional structures. 

The availability, in the late 1970's, of synthetic deoxyoligo­
nucleotides, oDened UD the possibility of examining the 
correlation between local DNA structure and base sequence 
through single crystal X-ray analysis. The paDer will review 
the evidence so far available for such correlations in the 
three major structural tYDes of DNA. The role of water in 
stabilising the global conformations will also be discussed. 

The following references give 'details of the main areas 
covered by the review : C.R. Calladine. J. Mol. BioI., ~ 
34-3, 1982; R.E. Dickerson. Scientific American, 2lf9, 87, 
1983; R.E. Dickerson, H.R. Drew, B.N. Conner, R.M. Wing, 
A.V. Fratini, M.L. KODka. Science, J1.§., lf75, 1982; A. Rich, 
G.J. Quigley, A.H.J. Wang. Biomolecular Stereodynamics Vol. 
1 ed. R.H. Sarma. Adenine Press 1981; Z. Shakked, D. 
Rabinovich, O. Kennard, W.B.T. Cruse, S.A. Salisbury & M.A. 
Viswamitra, J. Mol. BioI., 161, 185, 1983; A.H.J. Wang, G.J. 
Quigley, F.H. KolDak, G. vander Marel, J.H. van Boom & A. 
Rich, Science, l!..1 171, 1981 

02. X-7 THE STRUCTURE AND FUNCTION OF MEMBRANE 
GLYCOPROTEINS. By D. C. I'liley, Department of Biochem­
istry and Nolecular Biology, Harvard University, 
Cambridge, Mass., USA. 

Three membrane glycoproteins with diverse cell surface 
activities are being studied by high resolution protein 
X-ray crystallography: the influenza virus haemag­
glutinin, the variable surface glycoprotein from 
trypanosomes (sleeping sickness) and. the major histo­
compatibility antigen from human cells (transplantation 
rejection). 

The influenza virus haemagglutinin, HA, is the major 
virus membrane protein (197,000 dalton trimer) and has 
three biological activities: (1) the HA binds the 
virus to sialic acid containing cellular receptors; 
(2) the HA mediates a virus-cell membrane fusion event; 
(3) the ILZi undergoes antigenic variation, \vhich is 
responsible for recurrent human epidemics of the dis­
ease. The crystal structure of the HA (P41 , a=b= 
163.2 g, c=177.4 g) has been solved to 3 g resolution 
by single isomorphous replacement and non-crystallo­
graphic ph~se averaging (Wilson et al., Nature (1981), 
289, 366}. Biochemical results have:been interpreted 
in terms of the crystal structure model l which allows 
a number ~f conclusions about the mechanisms of the 
liP.'s activities (Wiley et al., Nature (1981), 289, 373; 
Skehel et ~, PNAS (1982), 79, 968; Rogers et al., 
Nature (1983), 304, 76). 

The variable surface glycoprotein (VSG) of trypanosomes 
forms a protective coat which the parasite changes 
every few days by generating an antigenic ally unrelated 
VSG and thus escaping neutralization by the host immune 
system. The ~rystal structure (P41212 a=b=96.3 R, 
c=lll.l g) of the N-terrninal variable domain (43,000 

daltons has been solved to '5.5 i resolution by an 



02. STRUCTURAL MOLECULAR BIOLOGY C-23 

i~orphous replacement and anamolous scattering from 
a single mercuric iodide derivative (Freymann, Netcalf, 
Turner and ~1iley I unpublished). The electron density 
map indicates a rod-shaped dimer, with a core of four 
80 ~ long alpha-helices. 

The human histocompatability antigen F~~-A2 is active 
in tissue graft rejec~ion and iMuUTIological recognition 
during surveillance by "T-killerl! cells. The papain­
solubilized HL~ is a 2 chain structure (46,000 daltons)r 
which is purified from human tissue culture cells. 
This is a technically challenging problem as the 
prystals are very thin plates. X-ray data to 2.8 g 
resolution for t..i-Ie native and a platinum tetrachloride 
derivative were collected at the ErffiL synchrotron out­
station in Hamburg from crystals 10-30 microns thick. 
Three platinQ~ sites have been determined from the 
three-dimensional difference Patterson (Bjorkman t 

Bennett and \,iley, unpublished). F_'1 antigenic ally 
distinct BLAt A28 t forms an isomorphous crystal. 
Further progress in this analysis \.;ill be discussed. 

02. X-8 THE STRUCTURE OF NEURAHINIDASE. By P.H. 
Colman, J.N. Varghese and W.G. Laver, CSIRO Division of 
Protein Chemistry, Parkville 3052, Australia and 
Australian National University, Canberra, Australia. 

The three dimensional structure of the N2 subtype of 
influenza neuraminidase has been determined by a com­
bination of the multiple isomorphous replacement method 
in one crystal form with noncrystallographic sy1nffietry 
averaging in a second crystal form where DvO copies of 
the polypeptide are found in the asycrunetric unit. The 
two crystal types used are of neuraminidases from 
naturally occurring field isolates from 1957 and 1967 
with sequence homology of "'90%. Neuraminidase was 
liberated from the viral membrane by pronase digestion. 

The chain folding has revealed a new class of tertiary 
structure in which six twisted S sheets, all'!;vith '1-1' 
topology, are arranged like the blades of a propeller 
to form one of the four subunits of the enzyme. Four of 
the five potential glycosylation sequences carry carbo­
hydrate. One of these oligosaccharides is involved in 
stabilisation of the circularly symmetric tetramer. 

The enzyme active centre has been identified by 
difference Fourier analysis of sialic acid soaked 
crystals. The binding site is in a cavity on that 
surface of the tetramer distal to the viral membrane, 
and near the corners of the box shaped tetramer. The 
cavity is lined with nine acidic groups, six basic groups 
and three hydrophobic groups which are strictly conserved 
in amino acid sequences of neuraminidases both '!;vithin 
and between subtypes of influenza. 

Sites of field strain sequence variation have been mapped 
on to the structure and reveal a nearly continuous 
surface of variation encircling the catalytic cavity. 

02. X-9 STRUCTURES OF SEVERAL BINDING PROTEINS 
INVOLVED IN ACTIVE TRANSPORT AND CHEMOTAXIS. by!..!.. 
Quiacho, N.K. Vyas, J.W. Pflugrath, M.A •• Saper, and M.N. 
Vyas, Department of Biochemistry, Rice University, 
Houston, Texas 77251, U.S.A. 

Binding proteins located in the periplasm of Gram7 
negative bacteria are essential components of osmotic­
shock sensitive active transport and chemotaxis. The 
following binding proteins have been solved in our labo­
ratory at the resolution indicated: ~-arabino5e-binding 
protein (1.7 A), sulfate-binding protein (2.0 A), 
leucine, isoleucine, valine-binding protein (2.8 A), and 
the D-galactose-binding protein (2.5 A). With the ex­
ceptjLon of the amino acid binder, each structure has 
been solved with bound .ligand. The arabinose- and ,_ 
sulfate-binding proteins have been refined by restrained 
least squares method to R-f.actors of 13.7% and 14.0%, 

~respectively. Despite lack of significant sequence 
homology, these proteins have a high degree of overall 
structural similarity; all four proteins are elongated 
and composed of two globular domains with a central S­
pleated sheet sandwiched between helices. As a group 
these proteins are unusual since each domain is folded 
from two separate polypeptide chain segments. These 
proteins have a common ligand binding site located in 
the cleft between the two domains. The interaction of 
L-arabinose and sulfate with respective receptor protein 
revealed novel features. Either,,"" or S-L-arabinose is 
bound in the same site of the binding prot:ein, and all 
sugar hydroxyls and ring oxygen in both anomers form 
identical extensive networks of hydrogen-bonds with side 
chain residues. The sulfate bound to the sulfate­
binding protein forms hydrogen-bonds with seven residues 
none of which are charged; three of these residues are 
peptide NH from the N-termini of three helices. The 
bound arabinose or sulfate is ina~cessible to the bulk 
solvent. (Research supported by NIH, NSF and the Robert 
A. Welch Foundation.) 

02. X-10 THE STRUCTURE OF GLYCOLATE OXIDASE 
FROM SPINACH. By Y. Lindqvist and C.-I. Branden, 
Department of Chemistry and Molecular Biology, Swedish 
University of Agricultural Sciences, S-750 07 Uppsala, 
Sweden. 

Glycolate oxidase is one of the key enzymes in the photo­
respiration of plants, where it oxidizes glycolate to glyoxy­
late. It is a flavin enzyme using FMN as cofactor. Struc­
ture determination of glycolate oxidase from spinach to 5.5 
A resolution showed (Y. Lindqvist &: C.I. Branden, J. Mol. 
Bio!. (1980) 143, 201-211 ) that two thirds of the electron 
density coulClbe interpreted as eight a S -units wound up as 
a barrel as in triose-phosphate-isomerase (D.C. Phillips, 
M.J.E. Sternberg, J.M. Thornton &: I.A. Wilson J. Mol. BioI. 
(1978) 119,329-350. The data have been extended to 2.5 A 
resolution and an electron density map based on two heavy 
atom derivatives Hg(CN)42- and Pt(NH3)2CI2 was calcu­
lated. From this map it was possible to build in the S­
strands and some of the helices of the as-barrel but 
several helices were poorly defined. For density not be­
longing to the as -barrel it was not possible to trace the 
main chain. Since our platinum derivative did not con­
tribute much to the phasing we had in actual fact SIR 
phases. We therefore tried the ISIR-ISAS program package 
written by Bi-Cheng Wang (Acta Cryst A, in press). This 
program defines a protein-solvent boundary fro,:", the map, 
flattens the solvent and after backtransformatlOn of the 
filtered map combines the phases using Sim weighting. This 
is done in several iterative cycles. The result on our data 
was striking and gave a map where the helices of the as­
barrel can now be clearly defined and additional helices in 
the extra density regions have been identified. We are 
presently building a model on a graphics display and the 
result of this work will be presented. 


