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of the membnme. Magnesium site is situated between heme a3 m1d CuA. 
The 02 binding site contains heme a3 iron and copper (CuB) atoms with 
a distance of 4.5A. There is no amino acid ligm1d bridging between the 
iron m1d the copper atoms in spite of a strong anti-fe1Tomagnetic cou
pling between them. However, such a small bridging ligand between 
them as an oxygen atom is not excluded at present. The heme a m1d the 
heme a3 m-e b1idged by a polyveptide segment of I--Iis-Phe-His of which 
one histidine coordinates to the heme a iron and the other histidine to the 
heme a3 iron. 

The electron transfer path within the molecule has been established 
as follows: cytochrome c -> CuA ->heme a-> the 02 binding site, which 
includes heme a3 m1d CuB. Several hydrogen bonds providing electron 
trm1sferpathway were found between the CuA site cmd the hemes a. There 
exist several hydrogen bonds m·mmd the CuA. the heme a m1d the heme 
a3. The structure implicates that CuA -His204-CO ofi\.rg43S-NH ofArg439-
a propionic group of the heme a is the piimmy electron tnmsferpathway 
between CuA fmd the heme a. 
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MS04.07a.Ol THE STRUCTURE OF AN R.l\JAPSEUDOKl'lOT 
THAT INHIBITS HIV-1 REV""ERSE TRA.NSCRIPTASE. Craig 
E. Kundrot. Cindy L. Barnes, and Susan E. Lietzke. Depm·tment of 
Chemist:J.y and Biochemistry, University of Colorado, Boulder, CO 
80309-0215. 

An RNA pseudoknot inhibitor of HIV-1 reverse transc1iptase 
was isolated by Tuerk, et aL using the in 1'itro seiection technique 
SELEX. This 26 nucleotide RNA pseudoknot. PK26, specifically 
inhibits HIV reverse transc1iptase with nanomolar affinity. PK26 
and three bromo-midine substituted derivatives were produced by 
chemical synthesis m1d Ciystallized from ammonium acetate. Two 
of the derivative c1ystals were suitable for data collection. Diffraction 
data were collected on c1yocooled C!ystals stabilized with MPD. 
Native crystals diffracted to 2.9 A and the derivatives to 3.0 A. The 
c1ystals belong to space group P43n22 and have unit cell dimensions 
a= b = 61.6 A, c = 98.9 A. The bromine atoms in the two derivatives 
were located by Patterson methods and difference Fomier maps and 
used to produce an initial elect:J.·on density map to 4 A resolution 
(figure of me1it = 0.49). The initial map clem·ly shows that the PK26 
molecules coaxially stack in a head-to-head and tail-to-tail mientation. 
The structure of PK26 will be desc1ibed and analyzed in ten11s of 
extensive chemical modification and nucleotide substitution data 
available for free PK26 and PK26-HIV RT. Since PK26 also 
conforms to the pseudoknot motif that promotes 1ibosome frame 
shifting, the structure will also be analyzed in tenl1S of potential frame 
shifting mechanisms. 

MS04.07a.02 CRYSTAL STRUCTURE OF HUIVHN CYCLIN 
H,ACELLCYCLEREGl.JLATORYPROTEIN. KyeongKy11Kim*, 
Holly M. Chmuberlint, David 0. Morgm1t. Sung-Hou Kim*· *Depmt
ment of Chemist:J.y m1d Em11est Orlm1do Lawrence Berkeley National 
Laboratmy, University of Califomia, Berkeley, CA 94720, USA, !De
pmtment of Physiology, University of Califomia. San Frm1cisco, CA 
94143-0444, USA 

The sl111cture of human cyclin H was detem1ined to 3 A resolution 
by multiple isomorphous replacement. Cyclins m·e positive regulato1y 
subunits that activate the catalytic subunits of cyclin-dependent kinases 
(CD Ks) m1d t:J.igger cell cycle events. In contrast to other cycling, cyclin 
H is the positive regulatmy protein that activates the catalytic subunit. 
CDK7, which, in tum, activates most or all otherCDKs.TI1e Ciystals of 
cyclin H were grown in the presence of lithium m1d mumonium sulfate 
as precipitm1ts, and belong to the space group 14122 with unit cell dimen-

sions of a= b = 84.0 A m1d c = 374.7 A. Like cyclin A, cyclin H contains 
two ex-helical domains that fon11 a conserved cyclin fold. However, cyclin 
A m1el cyclin H show significant differences in the surface chm·ge dist:J.i
bution m1d locations of theN- m1d C-temlinal helices outside the cyclin 
fold. TI1ese differences may reflect the unique function of cyclin H. 

MS04.07a.03 STRUCTURE OF Bel-XL, A DOlVllNANT IN
HIBITOR OF PROGRAMMED CELL DEATH. Steven W. 
Muchmore!, Micheal Sattler2, Heng Liang2, Robe1t P Meadows2, 
John E. Hm-lm12, David Nettesheim2, B1ian Chang3, Craig B. Th
ompson3, Sui-Lm11 Wong4, Shi-Chung Ng4, Stephen W. Fesik2, I Pro
tein C!ystallography, 2NMR Research, 3Aging and Degenerative 
Disease Research, Pharmaceutical Products Research Division, 
Abbott Laboratories , Abbott Pm·k, IL 60064, USA, 4Howm·d Hughes 
iVledical Institute m1d Depmtments of Medicine, Molecula Genetics, 
and Cell Biology, University of Chicago, Chicago, IL60637, USA. 

The Bcl-2 family of proteins modulates programmed cell death 
(apoptosis) by an unknown mechanism. The st:J.·ucture of Bcl-Xt. 
was solved by a combination of x-ray c1ystallographic and NMR 
spect:J.·oscopic techniques. The st:J.·ucture consists of a total of 7 al
pha-helices, two of which form a cent:J.·a] apolm pair. The remaining 
helices m-e amphipathic and t1anic the cent:J.·al pair. A loop of approx
imately 60 residues connecting the first two helices was found to be 
both flexible and dispersible for anti- apoptotic activity. Three func
tionally important homology domains (BH1, BH2, BH3) are locat
ed on the same face of the molecule and fon11 a hydrophobic cleft 
which may represent the interaction site for proteins which promote 
apoptosis. Sequence alignments of other Bcl-2 fmnily members sug
gests these proteins should exhibit the sm11e overall fold. The Bcl
Xt. st:J.·ucture is reminiscent of membrane t:J.·anslocation domains of 
bacterial toxins such as diphtheria toxin or colicin. This similarity 
suggests that the modulation of apoptosis by the Bcl-2, family of 
proteins may involve a membrane translocation event. 
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TERIUM LEPRAE. Sheld1ar C. Mandea.*, Vijay Mehrab, Bany 
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ogy, Chandigarh 160 036, India; bDepartment of Microbiology and 
Immunology, and cHoward Hughes Medical Institute, Albert 
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dBiomoleculm· Structure Centre and the Howard Hughes Medical 
Institute, University of Washington, Seattle, WA 98195 USA. 

Mycobacteria are amongst the most important human patho
gens. In an effort to understand the immune response to mycobac
terial infections, several antigens of these microbes have been iden
tified. A 1 OkD antigen has been found to be the most immuno
genic protein antigen of M.leprae. Interestingly it shmes ~44% 
sequence identity with the well known chaperonin GroES of E. 
coli (1 ). We present the three dimensional structure of this pro
tein, with possible hypothesis on the role of cpn-1 0 in the 
chaperonin mediated protein folding process. 

The heptameric molecule has a dome like structure, with 
approximate dimensions of 80x80x35 angstroms (2). The overall 
architecture is strikingly similar to the pantheon in Rome. Resi
dues important for its interaction with the larger chaperonin part
ner, cpn-60 (GroEL homologues) are sequestered on the lower 
smface of the dome. The interior of the dome is intensely hydro
philic. Residues lining the interior surface of the dome are con
served evolutionmily suggesting that GroES may talce an active 
part in chaperonin mediated protein folding process. 

(1) Mehra Vet a!., J. Exp. Med. (1992) v.l75, 275-284. 
(2) Mande S C eta!., Science (1995) v.271, 203-207. 


