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02.5-03 CO-CRYSTALLIZATION OF REPRESSOR AND 
OPERi'\TOR F'H.AGHENTS FROH BP.~S:TERIOPHAGE L.A..L'-1BD1L 
By Carl Pabo, Jiahuai Hang', Andrea Jeffrey, and 
Keiichi Itakura*; Department of Biochemistry, 
Harvard Universitv, Carnbridge, Nass. USF. 
+on leave from th~ Institute of Biophysics, Academia 
*Sinica, Beijing, China 
Division of Biology, City of Hope Research Institute, 
Duarte, CA USP. 

We have grown crystals that contain an amino-terminal 
fragment of lwubda repressor (residues l-92) and an 
eleven-base-pair operator fragment. The operator 

fragment f§A~A5~55§5SJ contains slightly more than half 

of an operator site, and \Ve believe that it provides a 
binding site for one amino-terminal fragment. (A 
repressor dimer binds to each full operator site.) 
Chemical protection experiments have sho\,m that the 
amino-terminal fragment of repressor binds specifically 
·to this operator fragment (Alexander Johnson, 
unpublished) . 

We have grown two crystal forms that contain the 
repressor and operator fragments. Hexagonal plates 
grow in space group P6 22 \Vi th cell dimensions 
a=b=67 ~' c=296 ~- He~agonal pyramids have also 
been grown. These have cell dimensions of a=b=7l A, 
c=281 A. Both crystal forms diffract to 3-6 A 
resolution. (There is anisotropic disorder.) Diffuse 
scatteriilg at l/3. 4 A sho;.vs that the DNA helices are 
parallel ·to the c axis in the hexagonal plates and 
tipped at about 20° to this axis in the bipyramids. 
Pr~~ession photographs have allowed us to determine 
the main features of the packing in these co-crystals. 

02.5-04 THE X··RAY CRYSTAL STRUCTURE Of SWOLLEN 
TOMATO BUSHY STUNT VIRUS. I. K. Robinson and S. C. 
Harrison, Gibbs Laboratory, Harvard University, 12 Oxford St., 
Cambridge Mass. 02138, USA. 

The structure of 80% of the the protein component of Tomato Bushy 
Stunt Virus (TBSV) is known at atomic resolution (Harrison et. al., 
Nature (1978) 276, 368). The virus has been shown by solution 
scattering to undergo a reversible phase transition whereby the 
roughly spherical protein shell expands radially by about 201l.. The 
transition is induced by removal of bound calcium from the native 
virus and raising the pH above 7.0, and is termed 'swelling'. 

The swollen state has been crystalised to give monoclinic crystals 
containing two particles per unit cell, or half a particle per C2 
asymmetric unit. The diffraction limit of the crystals is about 711.. 
About 50% of the data to 7.4,~ have been collected on 10 oscillation 
films with a reproducibility R = 0.19 for intensities. 

A novel method has been used to phase the observed reflections. A 
crude model based Upo<l radial expansion of the native structure was 
refined by an R-factor search and used as a preliminary source of 
phases (R = 0.52 to 1251.). These were then subjected to refinement 
by symmetry averaging, using the icosahedral (non-crystallographic) 
symmetry of the particle, assumed to be valid for the swollen form (R 
= 0.38 to 1251.). Heavy atom positions for two derivatives were 
refined using these phases and were found to correspond closely to the 
native sites, when displaced according to the model. The existence of 
sensible heavy atom sites with the correct quasi-symmetry is a strong 
indication that the phases are valid. A more accurate model was 
constructed to phase the higher resolution terms (R = 0.48 to 8~) 
which were once again refined to give a final map of 7 .411. resolution. 

The structure shows that the most extensive subunit-subunit contacts 
are conserved, but that the interfaces containing the calcium binding 
sites in the native form are disrupted to leave large holes in the 
particle surface. This may be of significance to the viral assembly 
mechanism. 

02.5-05 THE STRUCTURE OF THE SATELLITE TOBACCO 
NECROSIS VIRUS. By K. Fridborg, T.A.Jones, L.Liljas, 
S.Lovgren, U.Skoglund, B.Strandberg and T.Unge, Depart­
ment of Molecular Biology, University of Uppsala, Uppsa-
1 a, S1veden. 

The Satellite Tobacco Necrosis Virus (STNV), f1W=l.7·l0
6

, 
is a small spherical plant virus with icosahedral sym­
metry in the protein shell. It requires in vivo co­
infection with Tobacco Ne• rosis Virus for growth. STNV 
is composed of a coat with 60 identical protein mole­
cules (195 amino acids) and a single-stranded RNA, 
(about 1,200 nucleotides) known to code for the coat 
protein. 

STNV crystal I iZRS in space group CZ with four particles 
in the rr,onocl inic cell cvith a=317.3, b=304.0, c;J84.6 
and E=94.26°. The crystallographic asymmetric unit 
contains a complete virus particle. Thus the virus 
particle is located in a general position in the unit 
cell, and the crystallographic symmetry does not ex­
clude a determination of even the nucleic 2cid struc­
ture. 

2.5 A native data, 4.0 A iodine and 2.8 A platinum 
chloride derivative data have been collected using 
oscillation camera technique. The native data set 
consists of 500 000 measured independent reflexions. 

The uti 1 ization of the 60-fold non-crystallographic 
symmetry requires an accurate determination of particle 
orientation parameters. This has been achived us:ng 
1) the rotation function and 2) an icosahedral ly con­
strained heavy atom parameter refinement. Density 
averaging techniques employing the 60-fold structural 
redundancy have been used for phase refinement. 

REFERENCE: 
Unge, T. et al.: Nature 2f:5, 373 (1980); Sate II ite to­
bacco necrosis virus structure at 4.0 A resolution. 

02.5-06 CRYSTALLIZATION OF COWPEA CHLOROTIC MOTTLE 
VIRUS .<IJ'!D BELLADONNA l-IDTTLE VIRUS. By K. 1-leuss, J. K. 
~lohana Rao and P. Argos. Department of Biological 
Sciences, Purdue University, \Vest Lafayette, Indiana 
47907, U.S.A. 

Cowpea Chlorotic ~lottle Virus belongs to the brome 
mosaic virus group of the small spherical plant viruses. 
It contains 180 protein subunits, which are arranged on 
aT = 3 icosahedral surface lattice. The virus 
crystallizes in orthorhombic space group P2

1
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(a = 394 R, b = 382 R, and c = 397 A). The unit cell 
contains four virus particles while the crystallo­
graphic asymmetric unit consists of one complete 
virion. X-ray diffraction data from the crystals 
extend to nearly 3.0 R resolution. 

Belladonna Mottle Virus belongs to the turnip 
yellows mosaic virus group of the small spherical plant 
viruses. It contains 180 protein subunits, which are 
arranged in a T = 3 icosahedral surface lattice. The 
top and bottom-viral components crystallize isomo6-
phously in hexagonal space group R:S (a = b = 296 A, 
c = 729 l\.J. The unit cell contains three virus 
particles while the crystallographic asymmetric unit 
consists of only one-third of a particle. X-ray 
diffraction dat~ from the crystals extend to at least 
3.0 R resolution. 


