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Carbon contours. Microwave emission images 
of the molecule-rich circurnstellar shell sur- 
rounding the carbon star IRC+10216. Shown are 
contour maps of the distribution of four carbon- 
containing molecules (HCN, CN, HC,N, and 
C,N). White circles indicate the resolution of the 
telescope for each emission wavelength. (Dec. 
= declination, R.A. = right ascension) [Images 
obtained using the Berkeley-lllinois-Maryland- 
Associat~on Millimeter Wavelength Array at Hat 
Creek, California ( 16)] 

Hence, the importance of neutral-neutral 
reactions in interstellar and circumstellar 
chemistry remains an  open question. 

Kaiser and co-workers ( 2 )  Dresent com- 
~ . L  

pelling evidence that neutral-neutral reac- 
tions are. indeed. im~or tan t  in certain astro- . . 
nomical environments. In the reaction that 
they have studied, C3H is produced by a 
route involving neutral species. But ion-mol- 
ecule routes have also been postulated as 
sources of C3H. 

A unique aspect of both routes is that the 
C3H can be produced in either a linear (1- 
C3H) or a cyclic (c-C3H) form. The astro- 
nomical observation of both forms of C2H. is 
not by itself sufficient to discriminate be- 
tween the two reactions. However, the abun- 
dance ratio I-C3H/c-C3H should be a signa- 
ture of the reaction ~a thwav ,  because the two 
strdctures are not isoenergetic. Kaiser et al. 
used electronic structure calculations to 
show that the neutral production of 1-C3H is 
exothermic by 1.5 kJ/mol, whereas the pro- 
duction of c-C3H is exothermic by 8.6 kJ/ 
mol. Thus, the abundance ratio should be 
strongly dependent on the physical environ- 
ment in which the isomers are formed. In 
fact. abundance ratios for these isomers have 
been measured in two very different astro- 
~hvsical  environments: the cold, dark mo- 
L 1 

lecular cloud TMC-1 (average temperature 
< 10 K) and the circumstellar shell of the 
carbon star IRC+10216 (temperatures up to 
4000 K) (see figure). Through the use of a 
crossed molecular beam apparatus, Kaiser 
and co-workers were able to auuroximate 

A. 

conditions in these two environments by 

controlling the collision energy between C 
and HCCH. They detected both the linear 
and cyclic reaction products and thus deter- 
mined the temperature dependence of the 
reaction product branching ratio. Their ob- 
servations explain the different 1-C3H/c-C3H 
ratios observed in TMC-1 and IRC+ 10216 
and thus provide strong evidence that neu- 
tral-neutral reactions do indeed play an im- 
portant role in both interstellar and circum- 
stellar environments. 

The facile nature of the carbon addition 
reactions studied by Kaiser and co-workers 
may also have implications for terrestrial 
processes involving the (high-temperature) 
condensation of pure carbon vapor (14). 
Such processes, which can lead to the forma- 
tion of fullerenes and carbon-rich soot, are 
remarkably fast. Small carbon clusters occur 
predominantly at high temperatures as linear 
chain structures with very low-frequency 
bending vibrations. This preferred form 
means that C, + C, collision complexes 
have a high density of nondissociative vibra- 
tional states in which excess energy may be 
partitioned, thus extending the lifetime of 
such complexes (15). Nevertheless, the 
chemical route to forming the first cluster 
with such low-frequency vibrations, C3, is 
not well understood. The formation of C3 is 
probably the rate-determining step in carbon 
condensation, because (low-pressure) car- 
bon vapor is known to consist of carbon at- 
oms and dimers. Carbon atom insertion into 

C2,  followed by radiative or collisionally in- 
duced stabilization, may be the process that 
"kick-starts" high-temperature carbon con- 
densation in both terrestrial and extraterres- 
trial environments. 
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The End of the Message-Another 
Link Between Yeast and Mammals 

James L. Manley and Yoshio Takagaki 

T h e  synthesis of messenger RNA (mRNA) . 
from its gene requires transcription, removal 
of intervening sequences (splicing), and 
polyadenylation-a process in which an en- 
donucleolytic RNA cleavage is coupled with 
synthesis of polyadenosine [poly(A)] on the 
newly formed 3' end. For transcription and 
splicing, the DNA or RNA sequences and 
many of the protein factors that participate 
are well conserved from yeast to humans. 
Until recently, the situation for polyad- 
enylation appeared different. Although the 
reaction mechanism is similar in veast and 
humans, the sequence signals in yeast mRNA 
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have been poorly defined and were appar- 
ently unrelated to those in mammalian 
mRNA precursors. This observation led to 
the view that the machinery that specifies 
the mRNA 3' end is distinct in yeast and 
mammals. Recent studies, three of which are 
described starting on page 15 11 of this issue 
(1-3), however, provide evidence that this is 
not the case: The protein factors that recog- 
nize the poly(A) site on precursor mRNA are 
conserved between yeast and mammals. 

The sequences that define the poly(A) 
site in mammals contain certain consensus 
elements (4) (Fig. 1). Foremost among these 
is the nearly ubiquitous and essential 
AAUAAA hexanucleotide, found almost 
invariably 10 to 30 bases upstream of the site 
of polyadenylation. Indeed, this motif is 
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ple consensus, and some transcripts lack a nal sequences, although with a little imagi- 
recognizable G-U-rich seauence. The se- nation similarities can also be detected. But 

unusually constant, show- 
ing less variability than, 
for example, the TATA 
motif in RNA polymer- 
ase I1 promoters .~  G-U- 
rich element lies just 
downstream of the site of 

que&e immediately 5' to ;he site of RNA 
cleavage is frequently C A  (although this is 
not essential), and a number of RNAs have 
sequence elements situated 5' of AAUAAA. 
However, these upstream elements do not 
constitute a consensus (except in cytoplas- 
mic polyadenylation, which is distinct from 
the nuclear reaction discussed here) and 
have been detected principally but not ex- 
clusively in viral transcripts. Well-character- 
ized protein factors interact with these sig- 
nals (5) (Fig. 2). The multisubunit cleav- 
age and polyadenylation specificity factor 
(CPSF) recognizes AAUAAA, whereas the 
heterotrimeric cleavage stimulation factor 
(CstF) binds the G-U-rich element. Im- 
portantly, neither factor binds RNA avidly 
by itself, but cooperative interactions be- 
tween the two result in stable complex for- 
mation, which likely defines the site of 
polyadenylation. Poly(A) polymerase (PAP) 
and two less well-characterized cleavage fac- 

Mammals 5' I ?  
Upstream 
element - I 

Yeast 
Efkiency PMoning Poly(A) 
element element stte 

tors appear to complete the pro- 
cessing complex. 

Initial examination of the 3'- 
end sequences of yeast genes 
failed to identify strong candi- 
dates for polyadenylation signals, 

'leavage and is imp0rtant Fig. 1. Elements required for mammalian and yeast polyadenyl- 
for efficient processing. ation. Arrows, site of RNA cleavage; ?, poorly defined elements. 
However. there is no sim- 

and mutations in potential signal 
sequences frequently did not 
have significant effects on 3'-end 
formation (6). However, careful 
examination of a large number 
of sequences and mutational 
analvses has revealed consensus 

what about the factors that recognize these 
sites? The unexpected answer is that there is 
more similarity among the protein factors 
than among the RNA signals! The 77-kD 
subunit of human CstF (7) shares extensive 
similarity with both the product of a classical 
modifier gene in Drosophila, suppressor-of- 
forked (8), and a yeast protein, Rnal4 (9). 
This similarity added significance to a high 
but more limited homology between the RNA 
binding domain of the 64-kD subunit of CstF 
and a related region of the h a 1 5  protein, pre- 
viously linked genetically toRnal4 (9). Rna14 
and Rnal5 function in polyadenylation in 
vitro (1 O), constituting at least part of cleavage 
factor I (CFI) (I 1 ). Perhaps CFI binds the A- 
U-rich element and functions in a manner 
analogous to CstF (Fig. 2). 

The three reports in this issue provide 
evidence that subunits of CPSF are also con- 
served in yeast. Using elegant genetic ( I )  
and biochemical (2) approaches, the authors 

Mammals 5' 

- 
motifs that are both similar to 
and different from mammalian 
signals (6) (Fig. 1 ). These include 
an A-rich region, which can be Fig. 2. Mammalian and yeast polyadenylation factors. Ar- 
AAUAAA and is called the po- rows, site of RNA cleavage; ?, polypeptides not described in 
sitionine element. This element yeast but present in the corresponding mammalian factors. 
may be related to the mammalian 
AAUAAA, although the consensus is much 
less strict and the sequence is significantly more 
tolerant to mutation. Although there is no ap- 
parent downstream element, there is fre- 
quently an A-U-rich upstream efficiency ele- 
ment, which may correspond to the mamma- 
lian G-U-rich region. Perhaps it is located up- 
stream instead of downstream because genes 
are closer in yeast than in mammals. 

There are then considerable differences 
between yeast and mammalian poly(A) sig- 

identify a yeast protein, Brr5/Yshl (or vice 
versa), that is the homolog of CPSF-73. CPSF- 
73 also shares a lower but significant similarity 
with CPSF- 100 (2), suggesting that the genes 
encoding these proteins may have evolved 
from a common ancestor. Although the pre- 
cise role of CPSF-73 in polyadenylation is 
currently unknown, AAUAAA binding ap- 
pears to be mediated by the largest CPSF sub- 
unit, CPSF-160 (12). Given the lack of an 
essential AAUAAA sequence, the finding that 

yeast contains a functional homolog of CPSF- 
160, CFT1, was unexpected (3). CFTl and 
Brr5/Yshl may be part of a complex that 
functions in recognition of the A-rich ele- 
ment (Fig. 2). Brr5Mshl is part of an activity 
called polyadenylation factor 1 (PF1) (2), 
whereas CFTl may be a component of a 
separable factor, cleavage factor I1 (CFII) 
(3). It seems unlikely that these two proteins 
would be part of a single factor (CPSF) in 
mammals but components of distinct factors 
in yeast. This discrepancy likely reflects dif- 
ferences in biochemical fractionation proto- 
cols, and Brr5/Yshl and CFTl are probably 
components of a single complex in vivo. In 
any event, it now appears'that the basal fac- 
tors required for poly(A) site specification 
are conserved from veast to humans. An in- 
teresting question is how two degenerate RNA 
elements (the A-rich and A-U-rich motifs) 
(Fig. 1) bring about efficient and precise 
mRNA 3'-end formation. At  least part of the 
answer will likely involve cooperative inter- 
actions among the factors that recognize 
these elements, analogous to the interac- 
tions between CPSF and CstF in mammals. 

Polyadenylation now joins the list of cellu- 
lar processes in which key factors are conserved 
from veast to mammals. But like these other 
processes, there are also differences, many of 
which undoubtedlv reflect the more com~lex 
regulatory requirements inherent to multicel- 
lular organisms. A good example is provided by 
PAP. The yeast and mammalian enzymes are 
homologous throughout the NH,-terminal 
catalytic domain (1 3). Although the yeast en- 
zyme is truncated after this region, mammalian 
PAP contains a long COOH-terminal domain, 
with different isofom produced by alternative 
splicing, that can negatively regulate PAP ac- 
tivity in response to different signals (14). But 
regardless of such differences, comparisons be- 
tween organisms will continue to provide a 
wealth of information about how cells work. 
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