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SUMMARY: Wheat germ ce l l - f ree  extracts translate reovirus ssRNA as e f f i c i e n t l y  
as brome mosaic virus ssRNA. The magnesium optima, k inet ics,  dependence on 
messenger RNA concentration, and high level amino acid incorporation are s imi lar  
for the animal virus and plant virus messenger RNAs. With unfractionated mRNAs 
from ei ther v i rus,  the largest messengers are not translated, or are very poorly 
translated. The smaller mRNAs, including the reovirus messengers for polypep- 
tides a I ,  a3, a2 and ~I, are translated with f i d e l i t y .  Evidence suggests that 
after several t ranslat ion cycles, the ribosomes are not e f f i c i en t l y  released, 
perhaps creating a "ribosome-jam" resul t ing in the synthesis of incomplete 
polypeptides. 

Brome mosaic virus and reovirus are representatives of d i f ferent  plant 

and animal virus groups whose genetic information is d ist r ibuted among several 

RNAs. The reovirus genome consists of ten segments of double-stranded RNA; a 

v i r ion core-associated RNA-dependent RNA polymerase catalyzes the synthesis 

i n  v i t r o  of I0 single-stranded RNA species of three size classes: small (s),  

molecular weight 0.3 to 0.4 x 106; medium (m), 0.6 to 0.7 x 106; and large 

(£), 1.3 to 1.4 x 106 (1,2). The reovir ion consists of seven polypeptides (3), 

whereas reovirus-infected cel ls  contain nine detectable v i rus-speci f ic  polypeptides of 

three size classes: X (molecular weight 140 to 155,000); ~ (72 to 88,000); and 

a (34 to 42,000) (4). The brome mosaic virus genome consists of four species 

of single-stranded RNA (5) which are of the same po lar i ty  as mRNA. The two 

smallest BMV ssRNAs, RNA3 and RNA4, code for the coat protein; RNAs I ,  2 

and 3 also code for other polypeptides (6). The regulation of the t ranslat ion 
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of the individual messenger RNAs of plant or animal viruses such as BMV and 

reovirus is not yet understood. I t  is possible that some RNAs are in t r ins ica l l y  

better messengers than others (7) and that some RNAs prevent the translation of 

others by being themselves preferential ly selected. An ef f ic ient  cel l - f ree 

translation system would be useful in investigating these problems. 

Reticulocyte extracts e f f ic ient ly  synthesize reovirus polypeptides, but also 

contain globin mRNA and make large quantities of globin. Mouse L cell or ascites 

tumor cell extracts catalyze the synthesis of f ive to seven virus-specif ic 

polypeptides, with an overall stimulation of up to lO-fold (8,9). We wished to 

know how well reovirus RNAs are translated in the heterologous wheat germ 

system (6,10-15), and how this compares with translation of mRNA from a virus 

which can infect that plant. We have previously reported that wheat germ 

translates reovirus mRNAs (12). In this communication, we identify the products, 

make a comparison with the ascites system, and in part icular, compare the 

in  v i t ro  translation of unfractionated reovirus (heterologous) and brome mosaic 

virus mRNAs (homologous) in the plant cel l - f ree extracts. 

RESULTS AND DISCUSSION: As shown in Table I, unfractionated reovirus ssRNA 

stimulates amino acid incorporation in wheat germ extracts to the same extent 

as does BMV ssRNA. The act iv i ty  is about lO-fold greater than with mouse 

ascites cell extract. More than I000 pmoles leucine are incorporated (I00 ~I 

reaction), the efficiency being >I00 pmoles leucine per ~g of added animal or 

plant virus ssRNA. The magnesium ion optimum concentration (3.5 mM) is 

comparable for the translation of both reovirus and BMV RNAs (Fig. la). Wheat 

germ S-23 extracts show an optimum concentration of unfractionated reovirus 

ssRNA mixture of about 20 ~g per I00 ~I reaction mixture, similar to that for 

BMV RNA (Fig. Ib). In the absence of exogenously added animal or plant virus 

mRNA, the background act iv i ty  of the non-preincubated wheat germ system is 

very low (Fig. Ic).  The kinetics of amino acid incorporation directed by 

similar quantities of unfractionated reovirus and BMV RNAs are nearly identical; 

the reaction continues for about 60 min, after which there is only minimal 
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TABLE 1 

COMPARISON OF AMINO ACID INCORPOPJ~TION EFFICIENCY 
DIRECTED BY REOVIRUS ssRNA AND BMV RNAs I -4 

Stimulation pmoles pmoles 
Radioactivity due to leucine/ leucine/ 
cpm/lO0 ~l viral RNA lO0 ~l ~g RNA 

no RNA 

BMV RNAs 
(lO Ng) 

215 --  7 - -  

39,340 182 1356 135 

REO ssRNA 29,624 137 1021 170 
(6 ~g) 

REO ssRNA 46,267 215 1595 133 
(12 ~g) 

The wheat germ in  v i t ro  system (I0) contained the quant i ty  of v i r a l  RNA 
indicated in the table. Low spec i f ic  a c t i v i t y  L-[14C]- leucine was used 
(26 ~Ci per l~nole). Reaction mixtures (I00 ~I) were incubated at 31 ° for  
60 min, then pipetted onto TCA pretreated (dr ied) disks. Af ter  washing in 
hot t r i ch lo roace t i c  acid, then ethanol and ether, the disks were s c i n t i l l a t i o n  
counted at 50% ef f i c iency .  

The rad ioac t i v i t y  (cpm) has been corrected for  a zero time control of 
546 cpm (complete react ion mixture).  St imulat ion is calculated as the 
increase in r ad ioac t i v i t y  due to the v i ra l  RNA, compared with the control  with 
no added RNA. 

a c t i v i t y  (Fig. Ic ) .  In th is  time, however, over I000 pmoles leucine are 

incorporated. 

The products of reovirus and BMV ssRNA t rans la t ion  in extracts of 

commercial wheat germ were analyzed by polyacrylamide gel electrophoresis (Fig. 

2). With unfract ionated BMV RNA, the major product, as establ ished for  dry 

seed derived wheat embryo extracts (6),  is the v i ra l  coat protein (Fig. 2a). 

Despite the high e f f i c iency  of overal l  amino acid incorporat ion in response to 

unfract ionated reovirus mRNA, there is apparently not a close agreement between 

the e lect rophoret ic  mob i l i t i es  of the i n  v i t r o  products and reov i r ion polypep- 

t ides (Fig. 2a). There is a conspicuous absence of large polypeptides, but 
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Fig. I. Some characteristics of amino acid incorporation in wheat germ 
extracts directed by reovirus and brome mosaic virus ssRNAs. 
(a) Effect of magnesium ion concentration. The wheat germ system was as 
previously described (lO), except various levels of magnesium acetate were 
added to the reaction mixture. Reovirus ssRNA, 6 pg per lO0 ~l. BMV RNA, 
lO ~g per lO0 ~l. The radioisotope was L-[3H]lysine, 55 Ci per mmole. 
Aliquots of lO ~l were counted on f i l t e r  paper disks. 
(b) Effect of messenger RNA concentration. The reaction was as in (a), but 
with 3.5 mM [Mg ++] and using L-[14C]leucine, 348 mCi per mmole. 
(c) Kinetics of incorporation. The reaction was as in (b), but with 12 ~g 
per lO0 ~l reovirus ssRNA. 
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F i~. 2. Autoradiograms of brome mosaic virus and reovirus polypeptides 
synthesized in v i t r o .  Polypeptides were labeled with [35S]methionine, and 
were separated by sodium dodecyl sulfate-urea-polyacrylamide (18) slab gel 
electrophoresis (19). 
(a) Polypeptides synthesized in wheat germ extract (I0) Conditions of 
electrophoresis: 8% acrylamide gel; 16 hr at 35 V (50 ma) per slab at room 
temperature; direction from top to bottom. (A) wheat extract, endogenous 
synthesis; (B) wheat extract with BMV RNA I-4; (C) BMV coat protein synthesized 
i n  pivo; (D) wheat extract with reovirus ssRNA; (E) reovirion polypeptides 
synthesized i n  uipo. 
(b) Polypeptides synthesized in ascites cel l - f ree extract (19). Conditions 
of electrophoresis as in (a), except for 20 hr. (A) ascites extract, reovirus 
ssRNA added; (B) reovirion polypeptides synthesized i n  vivo. 

a considerable number of intermediate sized products present, which may be 

incomplete nascent polypeptides. Similarly, translation of unfractionated BMV 

RNAs yields no large products, but does produce a series of small polypeptides 

in addition to the major coat protein product. The major reovirus-specif ic 

polypeptides synthesized in the wheat germ extracts appear to be al (42,000 

molecular weight) and a 3 (34,000 molecular weight), with smaller amounts of 

~2 (38,000 molecular weight) and ~I (80,000 molecular weight) as ident i f ied by 

electrophoretic mobil i ty. The f i de l i t y  of translation was investigated by 
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t rypt ic digest peptide analysis of the in vitro products; the peptide patterns 

yielded by the synthesized products in  v i t ro  were very similar to authentic 

vir ion polypeptides synthesized in vivo. 

In wheat germ cel l - f ree extracts there is a general tendency for 

translation of small messenger RNAs to be more ef f ic ient  ( I I ) .  In the case 

of BMV, the small monocistronic RNA4 prevents the translation of the larger 

RNAs present in an unfractionated mixture; however, large BMV RNAs 1 and 2 are 

e f f ic ient ly  translated into large polypeptides when examined in the absence 

of the small RNAs (16). This could be a regulatory function in the process 

of BMV message translation (6,16). In this respect, i t  is interesting that 

there appears to be a s imi lar i ty  between i n  v i t ro  translation characteristics 

of unfractionated BMV and reovirus RNAs. In the absence of the smaller ssRNAs, 

we might expect therefore that ~ RNAs can be translated. Both et a l .  (21) 

find that wheat germ extracts can translate a mixture of Z RNAs. I t  remains 

to be seen i f  purified individual Z RNAs can be translated in  v i t r o ,  and i f  

other ssRNAs or their products suppress the translation. I t  is clear, however, 

that caution should be taken in interpreting i n  v i t r o  results since results 

with extracts from dif ferent organisms, including wheat germ, may d i f fer ,  

part icular ly in heterologous systems. For example, a I and a 3 are the major 

small reovirus polypeptides synthesized in response to unfractionated reovirus 

mRNA in the wheat germ system (Fig. 2a), while in contrast, a2a and a 3 are 

the major small polypeptides synthesized in the ascites cel l- free system 

(Fig. 2b). In addition, signif icant amounts of ~0 and ~I are also formed in 

response to exogenously added unfractionated reovirus mRNA in the ascites 

system (3) as shown in Fig. 2b. When translation is in i t iated in  vivo, 

extracts from reovirus-infected mouse L cells can synthesize Z polypeptides 

in  v i t r o  (17). I t  is feasible that, in  vivo, the ssRNAs undergo some 

modification, allowing the large RNAs to be in i t iated.  Both, Lavi and Shatkin 

(21) also find that with the unfractionated reovirus ssRNA, the large RNAs 

are less ef f ic ient ,  although in their system, the z products are synthesized. 
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This apparent discrepancy may be due to the di f ferent source of wheat germ, 

or to the fact that under their conditions, i n  v i t r o  synthesis continues for 

about two hours, and in this time enough z polypeptides are synthesized to be 

detected. Also, the appearance of minor products depends on the quantity of 

product loaded onto the gel. Using high specific ac t i v i t y  3H amino acid 

labeling of reovirus polypeptides in our system, we have found very small 

amounts of products co-electrophoresing with authentic Z polypeptides when 

the total reaction mixture was fractionated on gels and analyzed by high 

eff iciency sc in t i l l a t ion  counting. Autoradiographic analysis of 35S 

labeled products on slab gels, however, under the conditions described here, 

does not detect these polypeptides (Fig. 2a, D). 

Polyacrylamide gel electrophoresis of polypeptide products synthesized 

i n  v i t r o  in the wheat germ system in response to reovirus or BMV ssRNAs reveals 

s igni f icant amounts of radioactively-labeled product migrating faster t han  

the smallest complete respective virus-specif ic polypeptide (Fig. 2a). In the 

case of unfractionated BMVRNA where the coat protein is the only major 

polypeptide synthesized, the molecular weight of the additional components, n I ,  
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Fi 9. 3. Determination of the molecular weight values of the BMV- 
specified polypeptide components (nl, n2, n3 and n4--see Fig. 2a) synthesized 
i n  v i t r o  in wheat germ extract (10,20). The four marker proteins used were 
reovirus capsid polypeptides al (42,000), a2 (38,000) and a3 (34,000), and 
BMV coat protein CP (20,000). 
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n 2, n 3 and n 4 (Fig. 2a), progressively decreases by a relatively constant 

value of about 1500 to 1800 daltons (Fig. 3), approximately the amount of 

protein that would be coded for by the genetic information covered by a 

ribosome on a messenger RNA. I t  appears, therefore, that several of the low 

molecular weight polypeptides formed in response to exogenously added mRNA in 

the wheat system represent incomplete nascent chains which are formed by 

defective termination as a result of a "ribosome-jam" near the 3' end of the 

mRNA. This phenomenon may account for polypeptides translated from reovirus 

ssRNA which do not correspond to viral polypeptides (Fig. 2a, D). 
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