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logically the same to one half of the DNA binding domain of the 
eukaryotic TATA box binding protein which has the two structural 
domains related by the intramolecular pseudodyad symmetry. The 
fold of secondary segments of the two all a-helical domains is iden
tical with that of E. coli endonuclease III which acts both as an N
glycosylase. removing oxidized pyrimidine from DNA and a 3' 
apurinic/ apyrimidinic lyase. Wl1en mapped onto the AlkA struc
ture. the sequences of Bacillus sub til is and Sacclzammyces cerevisiae 
3-methyladenine-DNA glycosylases show that sequence-conserved 
residues cluster in and around a cleft between domains II and III. 
The mutagenic and model-building studies suggest that the active 
site is located in the cleft and the interaction between the target base 
and the active site requires the target base flipping out from a dou
ble-stranded DNA. The structure of the active site shows the impli
cation of the recognition for a diversity of subsu·ates. 

MS04.05.08 STRUCTURI\LANALYSIS OF THE TBP/TFllA/ 
TATA COMI'LEX. J. H. Geiger. S. Hahn. P. B. Sigler. Yale Uni
versity. New Haven. CT 06510 

The goal of this project is to investigate structure-function rela
tionships of eukaryotiC u·ansc1iption initiation. For Ri'-1"A polymerase 
II, there are a host of general transc1iption factors that must associate 
at the promoter with the polymerase before transc1iption initiation 
begins. Some are required for the initiation of all genes (TFIID, TFIIB) 
in vivo and in vitro, while some are required on a subset of promot
ers, or serve to activate transc1iption, but are not necessary for basal 
levels of in vitro transcription. TFJIA falls in the latter category. An 
essential gene in yeast TFIIA counteracts the effects of transc!ip
tional repressors and may be involved in the activity of u·ansCiip
tional activators. It increases the affinity ofTBP to the TATA box by 
three orders of magnitude, and extends the TBP footprint on DNA 
by seven base pairs in the upstTeam direction. 

We have crystallized and solved the sU1.1cture of a complex of 
TBP/TFilA/TATA to 3.0 angsu·oms. We are using this sU1.1cture to 
elucidate the stereochemical detem1inants of this assembly and to 
give insight into the interaction of this complex with the rest of the 
basal machinery and its possible interaction with activators andre
pressors of u·ansc1iption initiation. 

PS04.05.09 STRUCTURE-FUNCTION RELATIONSHIPS IN 
DNA LIGASE FROM THE BACTERIOPHAGE T7. Stephen 
R. Ashford, Aidan J. Doherty, Hosahalli S. Subramanya and Dale B. 
Wigley, Laboratory of Molecular Biophysics, University of Oxford, 
South Parks Road, Oxford, Oxl 3QU, UK 

DNA ligases are ubiquitous enzymes, necessary for DNA rep
lication and some fom1s of repair. The enzymes can easily be divid
ed into two groups, and although they all catalyze essentially the 
same reaction - the sealing of nicks in the DNA backbone via an 
adenylated enzyme intem1ediate -they require different co-factors, 
and possess quite different p1imary sequence. The eukaryotic and 
viral DNA ligases require ATP, whereas the bactelial enzymes utilise 
NAD+. All ATP-dependent DNA ligases share a common core sUl.Jc
ture - as shown by sequence alignments, and therefore the T7 en
zyme (one of the smallest in this class) was selected for su·uctural 
and biochemical analysis. 

The enzyme is a monomer of 41 kDa, and the crystal sU1.1cture 
at 2.6A resolution has been solved. with and without ATP bound. 
The enzyme consists of a larger N tem1inal domain (residues I to 
240) containing the co-factor binding pocket and site of adenylated 
enzyme intermediate formation, and a C tenninal domain (240 to 
349), which is remarkably similar to the oligonucleotide binding fold 
(OB fold) found in many proteins including staphylococcal nuclease, 
and bacte1ial cold shock protein. Further biochemical study of these 
two domains, in conjunction with d1e sU1.1cture, lead to a number of 
conclusions about d1e DNA binding and specificity of the enzyme. 

PS04.05.10 DNA POLYMERASE FIDELITY: A 
STRUCTURALANALYSIS. M.M. Blair, N. Mashhoon, C.R.A. 
Muchmore, M.F. Goodman, and W.F. Anderson, Department of 
Molecular Phannacology and Biological Chemis11-y, Northwestern 
University Medical School, Chicago, IL 60611 and Department of 
Molecular Biology, USC, Los Angeles, CA 90089 

E. coli DNA Polymerase II (pol II), an 89.9 kD, a-like DNA 
polymerase, possesses both polymerase and 3'-5' exonuclease 
activities on a single polypeptide chain. Pol II is induced in 
response to DNA damage as part of the SOS regulon in E. coli and 
is required for synthesis past abasic lesions in the absence of heat 
shock proteins. Recent in vil'o studies suggest that replacing wild 
type with exonuclease deficient pol II leads to increased adaptive 
mutation frequency indicating an important role for pol II in 
replication fidelity in the celL To better understand the mechanism 
of fidelity, we are using x-ray crystallography to study mutants of 
pol II and their complexes with DNA. 

Mutants of pol II, D155AIE157A (exo-) and L423M, were 
constructed. These mutations are in highly conserved regions of 
Pol II involved in nucleotide/metal binding. Pol II exo- has wild 
type levels of polymerase activity but lacks exonuclease 
proofreading activity. The L423M mutant has wild type levels of 
polymerase and exonuclease activities but partitions preferentially 
towards polymerization in the presence of a mispaired primer 
terminus suggesting an alteration in switching between the 
polymerase and exonuclease sites. 

Both mutants have been crystallized by vapor diffusion 
methods. Like Pol II, Pol II exo- crystallizes in the P2t2t2 
spacegroup and both room temperature and low temperature data 
sets have been collected. Initial phasing of pol II exo- was by low 
resolution, modified MIR phases from room temperature pol II 
data. Further work is underway to improve phases via derivative 
searches, model building, and density modification. 

Pol II wild type and exo- mutant have also been co-crystallized 
with synthetic double-stranded DNA oligonucleotides. Further 
work is in progress. 

This work is supported by NIH Grant GM15075. GM48569 and ES05355. 

PS04.05.11 DNA-SPECIFIC BINDING BY HIN AND FIS. 
Thang Chiu, Reid Johnson, Richard E. Dickerson, MBI, UCLA, 
CA 90095 

We are interested in learning how dna-binding proteins rec
ognize their target sequences. One system of particular interest is 
the Hin/Fis system of recombination. Both proteins bind their tar
get sequences via a Helix-Turn-Helix. Hin belongs to a family of 
proteins that catalyses site-specific DNA inversion in enteric bac
telia. Its binding site consists of a highly conserved inverted re
peat of 12-bp separated by a central 2-bp 'core'. (consensus se
quence: A/T G G T T TAfT G G A G/T A A) The availability of 
comprehensive mutagenesis data of the binding sites makes it a 
highly attractive system for studying protein-dna interactions. The 
crystal structure of a 52 aa peptide consisting the dna-binding
domain of E.coli Hin bound to the hixL half-site 
tGTTTTTGATAAGA/aTCTTATCAAAAAC has been solved 
(Feng eta!, Science '94). We are interested in solving the crystal 
structures of Hin bound to various mutant binding sites in order to 
understand the mechanism by which its dna-binding specificity is 
detem1ined. 

Fis (Factor for Inversion Stimulation) is a recombinational 
activator of the Hin fmnily of dna invertases and is also involved 
in phage lambda site-specific recombination, in transcriptional 
activation of rRNA and tRNA operons, in repression of its own 
synthesis, and in oriC-directed DNA replication. Although it is a 
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site-specific dna binding protein, a comparison of over 35 Fis bind
ing sites reveals a 25-bp binding site which has, at most, a degen
erate 15-bp core. Gel electrophoresis of Fis-clna complexes indi
cate that Fis induces a bend (in the dna) of 40-90 degree upon dna 
binding. This bending is required for its activity and the degree of 
bending (and binding) is dependent on both the sequence of the 
15-bp core and the sequence of the flanking regions. Given the 
degenerate nature of the binding sites, the first question one might 
ask is "how does Fis differentiate a true binding site from a false 
bimling site". A first step towm·ds addressing this question is to 
crystallize (at least one) Fis binding site, alone and complexecl to 
Fis protein, and solve their crystal structures. Efforts toward achiev
ing this goal m·e underway. 

PS04.05.12 REFINED STRUCTURE OF HIV-1 REVERSE 
TRANSCRIPTASE COMPLEXED WITH A DOUBLED
STRANDED DNA Ai'.'D AN ANTIBODY FAB FRL\GMENT 
AT 2.8 A RESOLUTION. Jianping Ding!, Kalyan Dasl, Yu 
Hsioul, Alfredo Jacobo-Molinal, Stephen H. Hughes2, and Edward 
Arnoldi. lCABM & Rutgers University. Piscataway, NJ 08854; 
2ABL-Basic Resem-ch Program, NCI, Frederick, MD 21702 

The structure of a ternaTy complex of human 
immunodeficiency virus type 1 (HIV-1) reverse transcriptase (RT). 
a double-stranded DNA template-primer (clsDNA), and the Fab 
fragment of monoclonal antibody 28 (Fab28) has been refined at 
2.8 A resolution. The detailed stmctures of the bound DNA. the 
RT polymerase and RNase H active sites, and the protein-nucleic 
acid interactions will be described. The first 5 duplex base pairs 
.of the DNA near the polymerase active site confom1 to A-form 
geometry; an approximately 40° bend occurs smoothly over the 
next 4 base pairs; and the following 9 base pairs conform to B
form geometry. The bend at the A-form/B-form junction occurs 
in the vicinity of the aH and al helices of the p66 thumb, which 
are pm·tly inserted into a widened minor groove. The polymerase 
active site is composed of structural elements from both protein 
and nucleic acid which can influence the recmmition and 
incorporation of incoming dNTPs. Asp 110, Asp l85.~'lnd Asp 186 
are highly conserved residues at the polymerase active site that 
probably function in both clNTP binding and catalysis. Tyrl83 
and Metl84, which m·e part of the YMDD motif characteristic of 
retroviral RTs, interact with the primer 3' -terminal nucleotide. 
Residues that do not directly interact with the template-primer but 
are expected to form part of the dNTP-binding site includeAspll3, 
Tyrl15, Phel16, Glnl5l, Phel60, and Lys219. The ~12-~13 
hairpin (also known as the "primer grip") interacts with the sugm·
phosphate backbone of the primer terminus via main chain atoms 
of Met230 and Gly231, which are also strongly conserved in all 
RNA-dependent polymerases. Amino acid residues forming pm·t 
of the "template grip" (that makes close contacts with the template 
strand) include Asp76, Glu89, Gly93, Ile94, Gln151, Gly152, 
Trp153, Lys154, and Pro157. The RNase H active site, defined 
by residues Asp44 7, Glu478, Asp498, and Asp549, has a structure 
similar to those found in crystal structures of the isolated RNase H 
domain. The implications of these stluctural findings for enzymatic 
reactions and stlucture-based drug design are discussed in light of 
biochemical and genetic data. ~ ~ ~ 

PS04.05.13 THE CRYSTAL STRUCTURE OF THE CATA
LYTIC CORE DOMAIN OF HIV-1 INTEG RASE IN A NEW 
CRYSTAL FORJVI. Fred Dyda, Alison B. Hickman, Timothy M. 
Jenkins, Alan Engelman, Robert Craigie, David R. Davies. Labo
ratory of Molecular Biology, National Institute of Diabetes, Di
gestive and Kidney Diseases 

The catalytic core domain ofHIV-1 integrase has been crys
tallized in the orthorhombic space group P212121 with two mole
cules in the asymmetric unit. The structure was solved by molec
ular replacement. ·when compared with the previously reported 
trigonal form (Dyda et. a!. Science 266, ppl98l-l986, 1994), this 
orthorhombic form diffracts to higher resolution, and previously 
undefined parts of the structure now became ordered, probably 
clue to the different crystal packing environment. The full active 
site consisting of three acidic residues is well resolved in this crystal 
form. 

A detailed three dimensional comparison of the members of 
the polynucleotidyl transferase superfamily (HIV-1 integrase, Mu 
transposase, RNase H. RuvC resolvase, ASV integrase) shows that 
the closest similarity is between the integrases and the Mu 
transposase. This surprisingly close similarity correlates with the 
similmity of the chemical reactions these enzymes catalyze. When 
considering the entire superfamily, it is interesting to observe that 
the molecules display a similar disorder pattern. This is especially 
true in the active site region, where the location of the catalytical
ly essential cm·boxylate residues varies significantly even between 
the two integrases. This probably indicates a conformational rear
rangement tal,ing place upon the formation of the protein-DNA 
complex prior to catalysis. 

PS04.05.14 CRYSTAL STRUCTURE OF PU.l ETS DO
MAIN-DNA COMPLEX: A NEW PATTERN FOR HELIX
TURN-HELIX RECOGNITION: K. R. Ely, R. Kodandapani, 
F. Pio, C.-Z. Ni, G. Piccialli, S. McKercher, M. Klemsz and R. A. 
Maid, La Jolla Cancer Research Foundation, La Jolla, CA 92037 
USA 

The ets family of transcription factors regulate gene expres
sion during growth and development and shme a conserved ETS 
DNA-binding domain that binds as a monomer to the sequence 5'
C/AGGAA/T-3'. The crystal structure of the PU.l ETS domain 
compl~xed with a 16 bp DNA oligonucleotide has been detem1ined 
at 2.3-A resolution; Crystals formed in space group C2 with a=89.1, 
b=l01.9, c=55.6 A, B=lll.2° with two complexes in the asym
metric unit. The structure was solved by the MIRAS method. The 
cunent R-factor=23.7 (Rrree=29.9). The domain is similar to a+B 
("winged") helix-tum-helix DNA-binding proteins and contacts a 
ten bp region of duplex DNA that is bent (8°) but uniformly curved 
without distinct kinks. Four conserved amino acids contact DNA 
from a novel loop-helix-loop architecture. Arg232 andArg235 from 
the recognition helix m·e hydrogen-bonded to the GGA bases in 
the major groove. These interactions represent the paradigm for 
ets recognition. Two loops contact the DNA backbone in the mi
nor groove: Lys245 in the "wing" between the third and fourth B
strands contacts the phosphate backbone of the GGAA strand up
stream from the core sequence while Lys219 from the "turn" of 
the HTH motif contacts the phosphate backbone of the opposite 
strand downstream of the GGAA core. This work was supported 
by grm1ts USAMRDC-DAMD17-94J-4439, NIH-CA63489-0l and 
NIHA120194. 


