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electrophiles than is possible with pure 
FS0,H. 

The highest known acidities have been 
achieved with HFISbF, (6). Anhydrous HF 
is a relatively weak acid, but at near 
HFISbF, = 311, the acidity is enormous. 
However, this mixture is rather unsuitable 
for many applications requiring a su- 
peracid: SbF, is strongly oxidizing, the 
mixture is somewhat of a vegetable soup 
of complex ions, it is poorly soluble in and 
reacts with many cosolvents, and HF is a 
very hazardous chemical. This system 
shows clearly that for many applications of 
superacids, more is needed than just very 
high acidity. A user-friendly conjugate 
base is equally important, allowing strong 
electrophiles to be studied in solution and 
the solid state without strong interactions 
with the solvent or the conjugate base of 
the superacid. The study of acid-base reac- 
tions in the gas phase also requires a su- 
peracid capable of existing as a molecular 
species in the gas phase. 

Research toward these general goals 
has evolved in two related but different di- 
rections: new molecular acids in which the 
conjugate base would be more stabilized 
and less reactive and very weakly coordi- 
nating anions as the conjugate bases of hy- 
pothetical superacids. 

One route to ~otential  new molecular 
superacids involved moving away from 
oxyacids. Using the powerful electron-with- 
drawing group CF,S02, very strong acids 
based on nitrogen and carbon can be pre- 
pared. Examples are (CF3S02)>NH and 
(CF3S02),CH, the parent members of the 
more general families (RfS02)>NH and 
(R$02),CH, where Rf are a wide variety of 
fluorinated groups. In the conjugate bases 
of these acids, the negative charge is delo- 
calized over more atoms than in the related 
oxyacid CF3S03H. The high acidity of 
these species has been demonstrated in the 
gas phase, where they are stronger acids 
than CF,S03H. The strongest acid yet mea- 
sured in the gas phase is the sulfonimide 
(C4F9S02)zNH(7).The sulfonimides are a 
particularly versatile class of acids. They 
can be prepared in a large variety and are 
easily incorporated into polymenc systems. 
They are currently of interest in many ap- 
plications including lithium batteries, poly- 
mer membrane fuel cells, photoacid genera- 
tors, ionic liquids, and catalysis (8). 

Another route to very weakly coordinat- 
ing anions uses bulky electron-withdrawing 
groups around a typical Lewis acid central 
atom. Here, the parent superacid HA might 
not exist as an isolable compound or might 
not be a superacid in the usual sense. The 
forerunner to this approach is the tetra- 
phenylborate anion B(Ph)4-. Incorporating 
fluorine atoms and fluorinated groups onto 

the phenyl rings, as in B(C,F,),- and B[3,5 
C6H3(CF3)2]4-,lowers the coordinating abili- 
ty. Very weakly coordinating anions were re- 
alized with the large electron-withdrawing 
substituent TeF,O (9).For example, the an- 
ions Nb(OTeF,),- and Sb(OTeF6),- were pre- 
pared based on the strong Lewis acids NbF, 
and SbF,. The negative charge of these large 
spherical anions is distributed over the 36 flu- 
orine atoms, which form a protective shield 
around the central atoms and lead to high ki-
netic stability of the anions. Salts of elec- 
trophiles, such as AgSb(OTeF,),, are remark- 
ably soluble in low-polarity solvents like 
dichloromethane. The resultant naked Ag+ is 
then forced to become less "naked" by coor- 
dinating to the dichloromethane, a phe- 
nomenon not previously observed. 

However, even these large anions show 
weak interactions with electrophiles in the 
solid state through the fluorine atoms of 
the TeF,O groups. To obtain even more 
weakly coordinating anions, chemists 
turned to carboranes as a potential build- 
ing block for the ultimate superacid. 

The carborane anion CBl ,HI2- was rec- 

ognized as having high potential for this 
purpose. The challenge was how to modify 
it into the conjugate base of a superacid. 
Several approaches have been pursued by 
substituting the hydrogen by halogens (F, 
C1, and Br) and fluorinated groups like tri- 
fluoromethyl. These new directions in su- 
peracids are exciting and hold promise for 
both fundamental science and novel appli- 
cations. The late Robert W. Taft dreamed 
of a superacid so strong that it would un- 
dergo spontaneous ionization into a plas- 
ma of protons in the gas phase. This dream 
may be coming closer to reality. 
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Transposase Team Puts a  
Headlock on DNA  

Tanya L. Williams and Tania A. Baker 

T
ransposable DNA elements (trans- 
posons) populate the genomes of nu- 
merous orgamsms, from bacteria to hu- 

mans. These genetic elements "jump" from 
old to new DNA locations, a process that mu- 
tates genes, rearranges chromosomes, and 
transmits genetic information between cells. 
Transposons, along with their retroviral 
cousins (for example, HIV),relocate through 
a common set of DNA cleavage and joining 
reactions (1).The proteins catalyzing these re- 
actions (transposases and integrases, respec- 
tively) are encoded in the DNA of the mobile 
element and share structurally related catalytic 
regions (2). How do these proteins cleave 
both ends of the linear element (whch mav be 
far apart) and then join them to a new. distant 
DNA site? The first structure of a trans- 
posase-DNA complex, described by Davies et 
a1 (3) on page 77 of this issue, begins to re- 
veal the molecular details of this process. 

Transposition and retroviral integration 
start with assembly of a protein-DNA com- 
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plex. By binding to sequences near each end 
of the mobile element, transposases and inte- 
grases pair both DNA ends within the com- 
plex. Only after formation of this complex 
can these enzymes catalyze their reactions. 
Ln the bacterial Tn5 transposase-DNA com- 
plex reported by Davies et al. (3), two trans- 
posase molecules (subunits) pair the two 
DNA ends in a manner poised for catalysis. 
How does assembly of this DNA-protein 
complex control catalytic activity? One pos- 
sibility is that the enzyme's active sites are 
constructed only upon formation of the 
complex. The Tn5 structure shows, however, 
that each active site is composed entirely of 
amino acids from one subunit. The geome- 
try of the catalytic amino acids closely re- 
sembles that found in the active site of a 
non-DNA-bound version of the protein (4). 
Ths  similarity suggests that, at least for Tn5 
transposase, most features of the active site 
are not dependent on complex assembly. 

Given that each transposase molecule 
comes armed with an intact active site, why 
does enzyme activity require complex assem- 
bly? Within the Tn5 complex, each DNA end 
is positioned within an active site by exten- 
sive protein-DNA contacts made by both 
transposase subunits. Amino acids near the 
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active site of one subunit, in conjunction with family members show either one or two ester backbone of this strand by the free 3'- 
a protein "arm" that extends from this cat- metal ions bound by the DDE motif in the OH of the first strand. This attack simulta- 
alytic region, clamp onto the DNA end near absence of DNA (7). The similarity of these neously cleaves the second strand and 
the terminal nucleotide of the mobile ele- catalytic domains to those of other DNA and forms a new phosphodiester bond between 
ment. This same DNA molecule is locked in RNA processing enzymes has led to the pre- the first and second strands (9). To form 
place through additional interactions with a vious suggestion of a two-metal-ion mecha- this "DNA hairpin," the backbone of the 
distinct region in the second protein subunit nism (1, 8). Solving the structure of com- second strand is distorted within the active 
(shown as a crescent in the figure). This pat- plexes caught at different reaction steps and site, looping around to place the 5' end of 
tern of subunit-DNA interac- this strand next to the 3'-OH. 
tions organizes the protein and Transposon I This DNA loop is held in place 
DNA components such that the - 

/ by extensive electrostatic and 
subunit bound to one DNA end \old DNA 1"iOn stacking interactions with sev- 
through the "crescent" catalyzes era1 amino acid side chains 
cleavage and joining of the sec- (some belonging to the YREK 
ond DNA end. motif of known hairpin-form- 

Could other transposase and ing transposases). Thus, amino 
integrase family members adopt acids of the DDE and YREK 
a similar organizational struc- motifs cooperate to cleave both 
ture? The three-dimensional strands at a DNA end. 
structure of the Tn5 transposase Although the Tn5 structure 
catalytic region is conserved provides a detailed snapshot of 
throughout this family, although 1 ' -& Joining 

the architecture of a transposase- 
the "arm" and "crescent" DNA- DNA complex, several questions 
binding regions are not. In spite i - 

Transposon 
remain. The structure lacks two 

of these differences, biochemi- replication important DNA components: the 
cal studies (5) of the trans- \ / old and new DNA sequences 
posase-DNA complex of bacte- N ~ W  DNA location (see the figure). What regions of 
riophage Mu (a virus that uses , transposase interact with these 
transposition to infect bacteria) DNAs? Within the Tn5 complex, 
indicate a similar architecture: A - the two active sites lie at the 
subunit bound to one DNA end ? bottom of a large, positively 
cleaves and joins the other end. 

I 
charged groove that appears ca- 

These two hint at a Transposon "Jumping." A transposon (black) embedded within an old DNA pable housing DNA. Can this 
common arrangement of pro- location (green) moves to a new DNA location (red) through one of two path- groove bind both old and new 
tein-DNA interactions within ways. Both pathways (A and B) contain two identical reaction steps: (1) cleav- DNA sequences? Could other 
this protein family that provide a age of the first strand at each DNA end to yield a 3'-OH and (2) joining of this transpOsaSeS and retroviral ink- 
framework for coupling C ~ V -  3'-OH to a new DNA site. Cut-and-paste transposons (pathway A) cleave both grases that do not cleave both 
age and joining between the strands at each end of the element before the joining step.The yellow box de- strands at each end of the ele- 
ends of these mobile elements. picts the reaction step mimicked in the Tn5 structure (3). (Inset) Organization ment before joining to a new 

Once assembled into an ac- of the "hairpin" intermediate of the Tn5 transposase-DNA complex. Each end DNA site use a similar binding 
tive complex, how do these of the mobile element DNA (black) is locked in place through contacts with pocket? How are the movements 
proteins catalyze the chemical both transposase subunits (blue and orange). One DNA end interacts with of these DNA pieces with re- 
reactions at the ends of the amino acids within and near the active site (star) of one subunit and with the spect to the active sites con- 
mobile element? ~~~h active amino-terminal region (crescent) of the second subunit. trolled? Discovery of the strate 
site contains three strictly con- gies used by different members 
served acidic amino acids (the DDE motif) therefore containing additional DNA com- of this transposaselintegrase family to bind 
(6) and catalyzes a series of reaction steps ponents should help to clarify the catalytic and coordinate these DNA components at 
at one DNA end (see the figure). These mechanisms used by this protein family. each reaction step is eagerly awaited. 
acidic amino acids are thought to promote Some transposons (like Tn5) "jump" us- 
catalysis by acting as ligands for essential ing a mode of transposition in which both References 
divalent metal ions. The Davies et al. DNA strands at each end of the element are 
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