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Both the 5' cap (m'GpppN) and  the 3' poly(A) tail of 
eukaryotic mFtNAs are  important  regulators of transla- 
tion efficiency in vivo. Their  function,  however, is mark- 
edly  reduced in in  vitro translation  systems  derived 
from either rabbit reticulocytes or  wheat  germ. The im- 
pact of exogenous  poly(A) on cap-dependent  translation 
was  examined in  vitro. The translation  of  uncapped 
mRNA was  preferentially  repressed in the presence of 
exogenous  poly(A). As a result, translation  became in- 
creasingly  cap-dependent  with the increase in exog- 
enous poly(A).  Translation in wheat  germ lysate was 
stimulated  by the addition  of  purified  eukaryotic initia- 
tion  factor  (eIF)-4B  or  eIF-4F;  however,  addition  of 
poly(A)  prevented this eIF-4B-  or  eIF-4F-mediated 
stimulation.  Addition of  eIF-4F  or  eIF-4B, alone,  was  not 
sufficient to restore  translation in lysate to which 
poly(A)  had  been  added.  Restoration,  however,  was  ob- 
served  when  eIF-4F,  eIF-4B,  and  eIF-4A  were  added in 
combination.  These  data  suggest  that 1) exogenous 
poly(A) may bind to and  sequester  factors  required  for 
translation  and 2) that  capped  messages  compete with 
poly(A)  more efficiently for these factors  than  do  un- 
capped mRNAs. Gel shift analysis of  purified initiation 
factors isolated from  wheat  germ  confirmed  that  eIF-4B 
and  eIF-4F  do in fact form complexes  with  poly(A) in 
vitro. 

The role of the 5' m7G cap and  the 3' poly(A) tail in estab- 
lishing an efficient level of translation  has been well docu- 
mented since their discovery two decades ago (for reviews, see 
Munroe  and Jacobson  (1990a), Jackson  and  Standart (19901, 
Bernstein  and Ross (1989), and  Sonenberg (1988)). In  yeast,  the 
poly(A)-binding protein  may be involved in 60 S ribosomal sub- 
unit  binding  to  the  initiation complex (Sachs  and Davis,  1989). 
In  higher  eukaryotes,  the poly(A) tail  requires a cap  in  order  to 
function,  and  the  regulatory effect of a cap on translation is 
greatly  stimulated by a poly(A) tail (Gallie, 1991). Conse- 
quently,  communication between  the 3' and  5'  termini of the 
mRNA is one possible mechanism  through which the poly(A) 
tail  exerts  its  regulatory influence. 

The  regulatory  impact of a poly(A) tail is significantly lower 
in in  vi tro translation  lysates derived  from rabbit reticulocytes 
or wheat  germ  than in vivo (Gallie, 1991). Similarly, the effect 
of a cap on stimulating  translation  is reduced by approximately 
two orders of magnitude in vitro compared to  the effect in plant 
and  animal cells (Gallie,  1991). As a result, a biochemical anal- 
ysis of the  synergism between a cap and a poly(A) tail  using 
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lysates  has  not  yet  been possible. There  are  several possible 
reasons for the  reduction  in  the effect of a cap and poly(A) tail 
in vitro. Lysates  may be  deficient in a component required for 
cap  or poly(A) function.  Alternatively, an excess of factors in- 
volved in  initiation  may  reduce  the  requirement for a cap  or 
poly(A) tail. 

Previous studies  have  disagreed on the effect that exogenous 
poly(A) has on translation  in  lysates (Lodish and  Nathan, 1972; 
Jacobson  and  Favreau, 1983; Munroe  and Jacobson,  1990b; 
Bablanian et aZ., 1991;  Grossi de Sa et al., 1988). Although 
increasing poly(A) levels inhibited  translation of both  cap  and 
uncapped  messages  in  rabbit reticulocyte lysate,  when exog- 
enous poly(A) was  present at 5-15 ng/pl, translation of capped, 
poly(A)- mRNA was  stimulated,  suggesting  that  the poly(A) tail 
may  facilitate  the  binding of an initiation factor or ribosomal 
subunit (Munroe and Jacobson, 1990b). Translation  in  reticu- 
locyte lysate is typically  performed in  nuclease-treated  lysate 
in which the  high  resident levels of endogenous message  have 
been removed. As a result,  test mRNAs are  translated  in a 
somewhat  artificial  environment  in which  no  competition with 
cellular mRNAs exists,  and all of the  translational  machinery 
is  available for the  test mRNA. Under  these conditions,  factor 
availability  may differ from those  that prevail in vivo. 

In  this study, we have  examined  the effect of exogenous 
poly(A) on the  translation of firefly  luciferase (Zuc) mRNA in 
reticulocyte and  wheat  germ  lysates.  The  enzymatic  assay for 
luciferase enabled  us  to focus solely on the  translation of a 
single  species of mRNA in  the context of the full  complement of 
cellular mRNAs. Moreover, both  the  sensitivity of this assay 
and  the  lack of background permitted  greater accuracy in  meas- 
uring effects on translation. Exogenous poly(A) preferentially 
inhibited  the  translation of uncapped Zuc mRNA at all concen- 
trations  tested  whether  the mRNA was poly(A)+ or poly(A)-, 
suggesting  that exogenous poly(A) may  sequester a component 
required in translation. Reversal of the effect of poly(A) on 
translation by a combination of eIF1-4F, eIF-4A, and eIF-4B 
implicated these  initiation  factors as those that might be af- 
fected by the exogenous poly(A). Complex formation  between 
poly(A) and  either eIF-4B, eIF-4F, or  eIF-iso4F was more di- 
rectly  observed using gel shift  analysis. 

MATERIALS AND METHODS 
mRNA Constructs  and in Vitro fianscription Reaction Conditions- 

The Zuc and Z U C - & ~  mRNA constructs  have  been  previously  described 
(Gallie et aZ., 1991). The presence of a poly(A),, tract downstream of the 
Zuc gene results in Zuc mRNA with a uniform poly(A) tail length of 50 
residues. The Zuc and luc-A,, plasmid constructs were linearized prior to 
mRNA synthesis. In uitro transcription was carried out as described 
(Yisraeli  and  Melton, 1989) using 40 mM Tris-HC1  pH  7.5, 6 mM MgCl,, 
2 mM spermidine, 100 pg/ml bovine serum albumin, 0.5 m~ each  ofATP, 
CTP, UTP, plus 160 p~ GTP, 1 mM m'GpppG, 100 mM dithiothreitol, 0.3 

N-[2-hydroxy-l,l-bis(hydroxymethyl)ethyllglycine; TMV,  tobacco mo- 
l The abbreviations used are: eIF, eukaryotic initiation factor; Tricine, 

saic virus; TEV, tobacco etch virus. 
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