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PS04.09.13 IDENTIFICATION OF A PROTEm :BI.t'lDING 
SITE OF THE ALPHAVIRUS CAPSID PROTEIN AND 
IMPLICATION IN VIRUS ASSEMBLY. Sukyeong Lee, 
Kathe1ine E. Owen, Hok-kin Choi, Richard J. Kuhn and Michael 
G. Rossmann, Dept. of Biological Sciences, Purdue UniversitY. 
W. Lafayette, IN 47907 -. 

Many enveloped viruses exit cells by means of buddin2: from 
the plasma membrane. The d!iving force for budding is the inte~action 
of an inner protein core with transmembrane glycoproteins. The 
molecular details of this process are ill defined. Alpha viruses, such 
as Sindbis virus (SINV) and Semliki Forest virus (SFV), represent 
some of the simplest enveloped viruses and have been well 
characte1ized by structural, genetic and biochemical techniques. 
Although a high resolution structure of an alphavirus has not yet 
been attained, cryo-electron microscopy (cryo-EM) has been used 
to show the multilayer organization at 25 A resolution (Cheng et al., 
1995). In addition, atomic resolution studies are available of the C
tenninal domain ofthe nucleocapsid protein (Choi et al., 1991) which 
has been modeled into the cryo-EM density (Cheng et al., 1995). 

Tlu·ee different crystal structures, containing five independent 
copies of Sindbis virus capsid protein (SCP), show that amino acids 
108 to Ill bind into a specific hydrophobic pocket in neighb01ing 
molecules. It is proposed that the binding of these capsid residues 
into the hydrophobic pocket of SCP mimics the bindin2: of the E2 
glycoprotein carboxy terminal residues into the pocket. lv1utational 
studies of capsid residues 108 and 110 confirm their role in capsid 
assembly. Structural and mutational analyses ofresidues within the 
hydrophobic pocket, residues 108 to 111 of the capsid protein and 
residues in the carboxy temtinal region of E2 in Sindbis virus and 
Semliki Forest virus, su2:2:est that buddina results in a switch between 
two confonnations of tl;e capsid hyd!·o~hobic pocket. This is the 
first desCiiption of a viral budding mechanism in molecular detail. 
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PS04.09.14 X-RAY STRUCTURE OF CARNATION 
MOTTLEVIRUS AT 3.2 A RESOLUTION A. M.Mikhailov. E. 
Yu. Morgunova, B. K. Vainshtein, Institute of Crystallography, Mos
cow, Russia, D.I.Stuart, E.E.Fry, Oxford University, Oxford OX1 
3QU, UK Z.Dauter, K.S.Wilson, EMBL Outstation, DESY, Han1-
burg, Gem1any 

The structure of the Camation Mottle Virus (ClvitV) capsid pro
tein has been determined at 3.2 A resolution bv the method of mo
lecular replacement. The virion consists of the protein shell, a mole
cule of genome RNA and two short non-genome RNA fragments. 
The capsid is composed of 180 copies of the same protein with mo
lecular weight of 37,787 Da arranged in accordance with T =3 icosa
hedral symmetry. X-ray data (140,483 unique reflections; 
R(I)merge=8.2%; completeness=91 %, sp.gr. I23; a=382.6 A; z=2) 
were collected only from 4 crystals using the synchrotron radiation 
with an image plate as detector. The coordinates ofTBSV were used 
as a searching model at 6 A resolution. Refinement has been per
fom1ed using XPLOR with 5-fold non-crystallographic symmetry 
constraints. An R-factor of 18.3% (r.m.s. deviation from ideality for 
bond distances ar·e 0.021 A and for an2:les are 4.15°) in the resolu
tion range 6.0-3.2 A (using 140,248 unlque reflections) for the final 
model ofC!YitV, containing 7,479 independent non-hyd!·ogen atoms, 
tlll'ee calcium ions and three sulphate ions. No water molecules are 
included in the model. The structural ar1d biochemical results lead us 
to consider an alternative assembly pathway. 

PS04.09.15 CRYSTALLIZATION AND PRELIMINARY X
RAY STRUCTURE INVESTIGATION OF THE PORCrnE 
VESICULAR EXANTHEMA VIRUS (S-72 STRAIN). 
A.!YI.Mild1ailov. Institute of Crystallography, Moscow, Russia; 
V.A.Perevozchikov, Institute of Animal Protection. Vladimir. Rus
sia: A.N.Komev, Institute of Cell Biophysics, Pushchino, Russia 

The Sald1alin-72 (S-72) virus belongs to the viruses causing 
vesicular diseases comprise the Calicivirus genus of the Pi
cornavilidae fm11ily. The S-72 virus was isolated in the Sakhalin re
gion. Stadies of the reactions of diffuse precipitation ar1d neutraliza
tion in a tissue culture with porcine convalescent serums demon
strated that immunologically, vi lions of this strain ar·e significantly 
different and in some instances totally different from the porcine 
vesicular· disease viruses of other strains. An par·ticle of S-72 with an 
outside diameter of 35+2 nm has well difined projections above the 
capsid surface. The moleculm mass of the S-72 virion is lOx I 0 Da. 
The genome of the virus is an infections RNA plus strand of mo
leculru· mass 2xl0 Da. A protein sheath of the S-72 is formed by a 
single structural protein with moleculru· mass 65+5 kDa. The icosa
hedral capsid with the tliangulation number T=3 is formed by 180 
"copies" of protein molecules. The crystals were grown in the "sit
ting drop" mode. The optimum precipitant is a 1 M ammonium sul
fate solution in a 0.2 lvi Tris-HCI buffer at pH 7 .8. The crystalliza
tion solution with a volume of20 ml was composed of 10 ml of the 
1% viral suspension, 9 mi of the precipitar1t solution, and l mi of 
PEG 300. The crystal growth time was 2-4 weeks at 20-22 C. These 
me the crystals for which the diffraction range extends to 2.7-2.9 A 
resolution. The packing of the virions in the crystal can be described 
by the sp.gr.P23 with the pmameter of the unit cell a=413 A and 
Z=l. The ssynm1etlic unit contains fifteen protein molecules of the 
capsid. In most cases the angulm width of the reflections was equal 
to 0.3. 

PS04.09.16 POLIOVIRUS 3C PROTEASE CRYSTALLIZA
TION AND STRUCTURE SOLUTION. S.C. Mosimannl. !vi. 
Chemaial, S. Plotch2, Y. Gluzman2, M. N. G. Jan1esl, llviRC Group 
in Protein Stl1.1cture and Function, Depar1ment ofBiochemistl-y, Uni
versity of Alberta, Canada TOG 2H7, 2Wyeth Ayerst Research, Di
vision of Amelicar1 Home Products, Pearl River, New York, 10965 

The 3C gene produce of poliovirus is a cysteine protease re
quired for viral infectivity[!]. The 3C protease is responsible for the 
bulk of the processing of the viral polyprotein into its individual 
proteins[2]. Recombinar1t poliovirus 3C protease has been expressed 
in E. coli, solubilized from inclusion bodies and pmified to homoge
neity. Large single crystals of poliovims 3C protease have been grown 
from hru1ging drops containing (N~)2S04 solutions. The crystals 
me orthorhombic (space 2:roup P212 12 J), the unit cell par·ar11eters are 
a=78.95A. b=116.30A, ~=47.14A. et.=fJ=j-90° and there me two 
molecules of 3C protease in the asymet1ic unit. The calculated sol
vent content is 55% and the specific volume is 2.64A3/Da[2]. A com
plete 2.5A X-ray intensity data set CRmercre=0.052) has been collect
ed usin2: monoclu·omated CuKa radiation from a rotatina anode 
source ;nd San Diego Multi wire Systems propm1ional cou;ters. To 
date, one exceptional isomorphous de1ivative (uranyl acetate) has 
been identified and electron density maps calculated with the SIR 
phases clear·Jy reveal the two molecules in the asymmetlic unit. Sol
vent flattening and histogram matching using the program D!YI[3] 
have significantly improved the quality of the SIR electi·on density 
maps. The anomalous signal from the uranyl acetate de1ivative and 
the presence of 1ight-har1ded a-helices have been used to confirm 
the coJTect hand of the SIR density maps. At present, the poliovirus 
3C protease sequence is being fit to the SIR electi·on density maps. 
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