
response obtained with recent inactivated 
simian and human immunodeficiency 
viral vaccines lJ

-
J3 could have included a 

CfL component, because the replicating 
forms of these viruses fuse directly with 
the plasma cell membrane'4. But the use of 
killed HIV preparations for human vac­
cines carries considerable risk, and struc­
tures like the ISCOMs bearing only selec­
ted viral components may be attractive 
alternatives. In this regard the success of 
using ISCOMs to introduce whole viral 
proteins into cells for induction of CTL 
may be important, because it is likely that 
several T-cell epitopes will be needed 
both for priming and to overcome allotype 
restriction. Nevertheless, inclusion of key 
epitopes may be desirable and the target 
region described by Takahashi et al. ' is an 
important one because it is immuno­
dominant for both neutralizing antibodies 
and CTL. Its drawback lies in its varia­
bility, although this might be overcome 
with appropriate cocktails15

-
17

• 

These results will stimulate a great deal 
of further research. But their ultimate 
value may depend on the extent to which 

the alternative pathways can be used (see 
figure), particularly in vaccine development 
and immunotherapy. 0 

Dani P. Bolognesi is in the Department of 
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TRANSCRIPTION INITIATION ---------------

In search of the single factor 
Marvin R. Paule 

EUKARYOTIC RNA polymerases are 
unable to recognize and transcribe from 
promoters at the beginning of genes with­
out the aid of additional proteins, the 
general transcription factors. The three 
polymerases found in eukaryotic nuclei 
transcribe different sets of genes, and the 
number of factors associated with the 
initiation process increases as the variety 
of genes transcribed by the polymerase 
increases. Until now, the sole exception 
to the requirement for several transcrip­
tion factors in eurkaryotes was that of 
ribosomal RNA transcription by polymer­
ase I from Acanthamoeba, for which a 
single ancillary protein (TIF-I) is 
required',2. But Kassavetis et al. 3 now 
report that only one of the three factors 
involved in transcription mediated by 
polymerase III in yeast, TFIIIB, is truly a 
transcription initiation factor. The others 
(TFIIIA and TFIIIC) are assembly fac­
tors responsible for loading the funda­
mental factor onto its site on the DNA. 
This observation means that the mechan­
isms described for rRNA transcription in 
Acanthamoeba, and now for transcription 
of yeast polymerase III genes, may be 
universal for eukaryotic transcription ini­
tiation - that is, that only one factor 
bound upstream of the transcription start 
site (dubbed + 1) is needed to direct the 
polymerase to its binding site. The funda­
mental initiation factor can direct several 
rounds of initiation, and - most impor­
tantly - Kassavetis et al. show the addi-
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tional factors which serve to load it on the 
promoter are dispensable once assembly 
of the stable transcription complex has 
been accomplished. 

Acanthamoeba TIF-I assembles on the 
rRNA gene in the absence of additional 
factors. Yeast TFIIIB, in contrast, cannot 
load independently onto the template: 
for 5S RNA genes, TFIIIA and TFIIIC 
must first bind to DNA, and, for transfer 
RNA genes, binding of TFIIIC must pre­
cede the binding of TFIIIB4

,5. Similarly, 
transcription of many vertebrate rRNA 
genes is stimulated by another factor, 
UBF, the cloning of which is reported by 
Jantzen and colleagues on page 830 of 
this issue. UBF increases binding of the 
TIF-I homologue; for example, in 
humans, at least tenfold stimulation of 
transcription occurs (see Fig.3d of Jant­
zen et at.'s report). UBF from Xenopus 
cannot direct transcription alone, but it 
binds to the core promoter and to the 
rRNA gene enhancers (60/81 repeats), 
where it stimulates transcription, presum­
ably by an effect on pre-initiation com­
plex assembly'-9. These species differ­
ences between the transcription of rRNA 
in Acanthamoeba and vertebrates can be 
explained by the findings reported for 
yeast polymerase III. 

By taking advantage of the extremely 
tight binding of yeast TFIIIB once it has 
assembled on the template, Kassavetis et 
al. 3 show that only TFIIIB is required for 
transcription by yeast polymerase III. 

NEWSANDVIEWS 

They stripped TFIIIA and TFIIIC from 
the templates by using high salt concen­
tration or heparin, and then isolated the 
DNA-protein complexes by size­
exclusion chromatography. Only TFIIIB 
complexes remained, and surprisingly, 
they retained the capacity for several 
rounds of transcription. The factors that 
had been stripped from the template 
were able to assemble fresh TFIIIB on a 
new template; TFIIIA and TFIIIC are 
therefore assembly factors, and are not 
required for transcription initiation per se. 

Pre-initiation complexes of tRNA and 
5S RNA transcription in yeast35.10 and 
rRNA transcription in Acanthamoeba2

,11,'2 

have been 'visualized' using footprinting 
techniques. Yeast TFIIIB was found to 
protect the DNA template between 
about 10 and 40 base pairs upstream of 
+ 1 on 5S RNA and tRNA genes. The 
single Acanthamoeba rRNA transcription 
initiation factor (TIF-I) protected 
between about -12 and -70 base pairs, 
forming a stable complex which remained 
bound through several rounds of tran­
scription (see figure). The two factors 
therefore form similar complexes up­
stream of the transcription start site. 

The first footprints of a eukaryotic 
polymerase on a promoter demonstrated 
that Acanthamoeba RNA polymerase 
binds just downstream of TIF-I, protect­
ing over 34 bp, to + 18, from DNase I 
digestion2

• Replacement of the protected 
region with a variety of bacterial 
sequences showed that there are no DNA 
sequence-dependent contacts made by 
polymerase, but instead, the enzyme is 
positioned on the promoter by protein­
protein contacts with TIF-f3. Similarly, 
polymerase III protects 23 bp (for 5S 
RNA genes) or 28 bp (for tRNA genes) 
of DNA just downstream of TFIIIB. 
Earlier studies by Sakonju et at. 14 suggest 
that the binding of polymerase to 5S 
RNA genes is also sequence-inde­
pendent. To prove that the extended foot­
prints are due to protection by polymer­
ase and not to a conformational change in 
the previously bound factor, the polymer­
ase I (refs 11, 13) and III (ref. 2) systems 
were supplied with a nucleotide mixture 
that allows the polymerase to make only 
a short RNA product. Addition of a mix­
ture lacking GTP resulted in the polymer­
ase stalling part way down the template. 
As predicted, the putative polymerase 
footprints moved part way down the 
DNA. Addition of all four nucleoside tri­
phosphates resulted in total disappear­
ance of the polymerase footprints. 

Significantly, the Acanthamoeba TIF-I 
footprint remains unaltered during initia­
tion, showing that TIF-I remains bound 
through several rounds of transcrip­
tion lJ

,12. In the polymerase III systems, 
the TIIIB footprint was also unchanged 
after partial translocation of the polymer­
ase down the template. Furthermore, 
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NEWS AND VIEWS 

Initiation by eukaryotic RNA 
polymerases requires two 
classes of trans-acting pro-
tein factors, assembly 
(hatched) and initiation 
(black). Assembly factors 
mediate binding of the initi­
ation factor to the promoter. 
For polymerase III (Pol III; 
right) , assembly factors are 
obligatory, but can be 
removed after assembly of 
the initiation factor without 
effect on subsequent tran­
scription (5S RNA is an 
example). For polymerase I 
(Pol I), the need for an 
assembly factor (UBF) is 
species-dependent. For both 
enzymes, the single tran­
scription initiation factor 
(TIF-I for polymerase I, TFIlIB 
for polymerase III) positions 
polymerase over the trans­

Ribosomal RNA gene 

UBF (optional) f?& 

TIF-I 

1 
c 

or 

Poll 

NTPs 

5S RNA gene 

1
- TFIlIA 

~TFIlIC 
~TFIllB 

~"'''.!!11111....== I High salt 
t treatment 

r 
Pol III 

~ NTPs 

cription start site (arrow) by protein-protein interaction. Polymerase loading is independent 
of DNA sequence. Initiation factors remain bound and can load additional polymerases. 
NTPs, nucleoside triphosphates. 

Kassavetis et at. obtained nearly equal 
numbers of transcripts from complete 
and stripped templates'. Therefore, 
assembly factors are unnecessary for 
repetitive transcription initiation, even in 
systems that require them for pre­
initiation complex formation, because the 
initiation factors do not cycle with each 
round of transcription. 

What happens to assembly factors dur­
ing transcription in vivo? Those bound 
upstream of the transcription start site , as 
on the rRNA genes, do not interfere with 
transcription . But assembly factors on 5S 
RNA and tRNA genes bind within the 
transcribed sequence, to the internal con­
trol region (ICRr'. Just how polymerase 
III is able to transcribe through the fac­
tors that bind to the ICR has been a 
puzzle. A clue comes from recent in vivo 
footprinting datal 6 suggesting that the 
assembly proteins do not remain tightly 
bound. This is in keeping with the latest 
discovery that the factors bound to the 
ICR can be removed without affecting 
subsequent initiations, showing that they 
are not transcription factors, but assem­
bly factors. On the other hand , there is 
no evidence from studies in vitro showing 
that the assembly factors are released , so 
this remains an open question. 

Are the same assembly factors used for 
all polymerase III genes? U6 small 
nuclear RNA, a component of spliceo­
somes, is transcribed by polymerase III , 
but it does not have the usual ICR 
sequences necessary for TFIIIA or TFIIIC 
binding"-19. Similar observations have 
been made for 7SL (ref. 20) and 7SK (ref. 
21) genes. It seems that transcription of 
the U6 RNA gene does not require these 
assembly factors I8

•
22

, although it still needs 
TFIIIB . The U6 RNA gene, however, 
has promoter elements in the upstream 
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flanking region , and some of these func­
tion with transcription factors normally 
associated with RNA polymerase 1I17

•
23

• 

So alternative assembly factors may suf­
fice for U6 RNA transcription_ 

It now remains to be seen whether the 
mechanism of transcription initiation that 
has now been established for polymerase 
I and III holds for polymerase II. 0 

MaNin R. Paule is in the Department of Bio­
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DAEDALUS --------

Shaky ground 
ONE of the many hazards of earthquakes is 
the catastrophic 'liquefaction' of soil. The 
rapid succession of shocks shakes up the 
soil, mobilizes its water content, and sets it 
briefly flowing like a Iiquid_ Buildings and 
structures previously supported on it are 
wrecked. 

Daedalus is now taming this treacherous 
phenomenon. DREADCO's engineers are 
setting arrays of dynamite charges in soils 
ranging from sensitive sands and silts to 
well-consolidated clay. They then fire the 
charges in rapid succession, and examine 
the effects on test buildings and instru­
ments scattered about the site. Their aim is 
to discover the frequency and amplitude of 
shock that best liquefies each type of soil. 

Earthquake-levels of energy should not 
be needed. An optimized sequence of explo­
sions, well tuned to the soil in question, 
should liquefy it very efficiently for a short 
while, with little other disturbance. Like a 
phased array, the charge pattern could be 
fired so as to launch its major disturbance 
in any desired direction, or even vertically 
downwards. 

The way will be open for a whole new 
style of civil engineering, starting with 
elementary demolition. How elegant to 
liquefy the ground beneath some tower 
block or urban monstrosity, so that it 
simply sinks into the earth and vanishes 
without trace! Sadly, most monstrosities 
are not nearly heavy enough to sink 
completely into a cavity of liquefied soil. 
They would merely capsize and break up, 
leaving a flotsam of rubble. 

Engineering construction could also be 
simplified. A complete array of piles could 
be sunk into liquefied soil in one operation, 
to be firmly held when it set again. Pipes 
and cables could be laid out around a site, 
and sunk to the required depth by a hori­
zontally propagated wave of vibration, 
briefly liquefying the soil they lay on. 
Building foundations, erected on the sur­
face, could be dropped to the damp-course 
by sudden liquefaction. Indeed, if designed 
for hydrostatic stability, an entire building 
might be constructed above ground, and 
'launched' into the liquefied soil with 
speeches and champagne. It would then 
sink to its calculated Plimsoll line, sub­
merging basement and foundations to their 
proper depth_ 

Daedalus feels that even agriculture 
could benefit_ Dynamite has already been 
used for 'ploughing' in an experimental 
manner. But the complete fluidization of a 
field by a shallow omnidirectional shock­
pattern should be far more efficient. Weeds 
would be overturned and ploughed in, pest 
larvae killed or severely shaken, deep 
nutrients mobilized, and the earth aerated, 
all in a few seconds. Even hidden archaeo­
logical remains might come floating to the 
surface. David Jones 
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