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The larger of the polypeptides (VP2) is 
the nucleocapsid protein and has a mole
cular weight of about 50,000. The other 
polypeptide (VP3), of unknown function, 
weighs about 21,000 daltons. The major 
glycoprotein (VPl), the haemagg]utinin, 
weighs about 77,000 daltons; it is prone 
to disaggregation or breakdown and this 
may account in part at least for various 
conflicting reports of the number of 
"proteins" in an influenza particle. 
Furthermore, the electrophoretic mobility 
of this glycoprotein is variable depending 
on the nature of the host cell in which the 
virus was grown. This finding suggests 
that the carbohydrate moieties may be 
determined by the host cell while the 
protein is specified by the virus. In short, 
influenza particles seem to contain at 
least four and perhaps as many as six 
polypeptide chains, two of which are 
glycosylated. 

When cells are infected at high multi
plicities with influenza virus, varying pro
portions of the progeny virions are non
infectious and the proportion of non
infectious particles in a stock increases 
with serial passage. According to 
Meier-Ewart and Dimmock (ibid., 794), 
the viral neuraminidase may function in 
the generation of non-infectious particles. 
By inactivating with specific antibody the 
neuraminidase of infecting viruses, they 
have strikingly reduced the proportion of 
non-infectious particles in the progeny 
yield. Meier-Ewart and Dimmock sug
gest that the generation of such particles 
depends on a balance in the infected cells 
between the amount of viral neuramini
dase and cellular neuraminidase substrate. 
Tilting this balance in favour of the 
enzyme results, they argue, in increased 
production of non-infectious particles 
and vice versa, but how neuraminidase 
comes to affect the assembly of progeny 
influenza RNA genomes is as yet 
unknown. 

It is well established that the genome 
of an infectious influenza virus comprises 
five pieces of RNA, the largest of which 
is missing from the genomes of the non
infectious particles. Choppin and Pons 
(ibid .. 603) have now established," using 
the WSN strain of virus to infect a line 
of bovine kidney cells, that the formation 
of non-infectious particles with deleted 
genomes is enhanced by the presence of 
such particles in the infecting stock. 
When grown on the bovine cells, stocks of 
WSN virus contain very few non-infec
tious particles and several serial passages 
are required to obtain non-infectious 
particles from this host. Furthermore, 
HeLa cells infected with stocks of WSN 
grown on bovine kidney cells yield infec
tious progeny virus. On the other hand, 
HeLa cells infected with stocks of WSN 
grown on chicken cells, which contain 
many non-infectious particles, do not 
yield infectious progeny. Clearly the 
production of the defective particles 
depends on host as well as viral factors 

and HeLa cells are not absolutely non
permissive for influenza virus. 

RIBOSOMES 

Streptomycin Binding 
from our Nucleic Acids Correspondent 

AN interesting experiment concerning the 
binding of 3H-labelled dihydrostrepto
mycin to the digested ribosomal particles 
concludes the work of Chang and Flaks 
(Proc. US Nat. Acad. Sci., 67, 1321; 
1970) which I introduced last week. 
These authors found that six proteins can 
be removed without affecting the attach
ment of the antibiotic to the particle. 
But when proteins p8 and pl I (Nomura's 
nomenclature) are removed, the ability 
of the ribosomal particles to bind strepto
mycin decreases, suggesting that these 
proteins are directly or indirectly involved 
in the binding. This is surprising because 
protein p 10 is known to be the deter
minant of the streptomycin sensitivity
resistance phenotype. This protein 
remains in the trypsin-resistant core 
particle and it must be concluded that 
several proteins have some influence on 
the single streptomycin-binding site within 
the 30S ribosomal subunit. 

Although streptomycin binding and the 
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-streptomycin resistance locus are fre
quently made use of in studies of ribosome 
structure and genetics, and protein 
synthesis generally, the in vivo action of the 
antibiotic remains unclear. It certainly 
causes extensive misreading of the genetic 
message by distorting the site at which 
the codon on a messenger RNA and the 
anti-codon on a tRNA pair (the A-site). 
But this is insufficient to explain the rapid 
and complete inhibition of protein syn
thesis in vivo occasioned by streptomycin. 
Modolell and Davis (Proc. US Nat. 
Acad. Sci., 61, 1148; 1970) have studied 
this question further, and have concluded 
that the drug also acts on the puromycin
reactive (P) site, where peptidyl tRNA is 
transiently bound. They found that when 
formyl-methionine tRNA is bound to 30S 
ribosomal subunits in the presence of 
AUG, poly-AUG or Rl 7 bacteriophage 
RNA, no inhibition results from the 
presence of streptomycin. On addition 
of 50S subunits, however, breakdown of 
the resulting initiation complex occurs. 
This breakdown is greatly accelerated by 
addition of puromycin, revealing that the 
formation of the complex as such is not 
interfered with, but rather that the 
stability of the complex is reduced. When 
the analogue GMPPCP is substituted for 
GTP, the fMet tRNA does not reach the 
site at which it is released by puromycin, 

Ribosomal Synthesis with Ester linkages 
THE exploration of protein biosynthesis 
has traditionally been aided and abetted 
by clever tricks and artifices involving 
unphysiological situations. An impor
tant experiment in this genre is reported 
next week by Fahnestock and Rich 
(Nature New Biology, 229 8; 1971), 
who have demonstrated that during the 
formation of a peptide coded for by a 
natural messenger RNA, the peptidyl 
transferase of Escherichia coli ribosomes 
can catalyse the incorporation of a-hyd
roxy acids, rather than a-amino-acids, 
with ester instead of amide linkages. 

Fahnestock and Rich seized on the 
recent finding that puromycin retains its 
antibiotic activity when its a-amino-group 
is replaced by a hydroxyl group. On 
reaction with formyl-methionine tRNA, 
an ester is formed. They wondered 
whether esters could be formed by the 
peptidyl transferase during true protein 
synthesis, and deployed the valuable 
system afforded by the R 17 bacteriophage 
RNA containing an amber (UAG) 
terminating codon as the seventh triplet 
of the coat protein cistron. Normal 
translation of this sequence yields a 
hexapeptide of defined sequence (fMet
Ala-Ser-Asn-Phe-Thr). Instead of using 
aminoacyl tRNAs as substrates in this 
reaction, Fahnestock and Rich used in 
two cases the corresponding a-hydroxy
acyl tRNAs by converting alanyl- and 
phenylalanyl tRNAs to lactyl- and 

phenyllactyl tRNAs respectively (with 
nitrous acid treatment). If ester forma
tion can indeed occur, these residues 
would be incorporated into the second 
and fifth positions within the peptide. 
Such ester linkages would be detectable 
by their susceptibility to milk alkaline 
hydrolysis (with molar triethylamine) 
which would leave the amide linkages 
unscathed. Fahnestock and Rich labelled 
the terminal formyl-methionine residue 
with 35S, in the expectation that hydrolysis 
of a peptide containing an ester linkage 
at the second position would yield radio
active formyl methionine alone, and that 
hydrolysis of an ester at the fifth position 
would give rise to a radioactive tetra
peptide. The products were examined 
by electrophoresis in the presence of 
appropriate markers. 

The results were gratifyingly clear, 
showing that the a-hydroxy acids were 
indeed incorporated into the correct 
internal positions in the peptide, although 
the peptidyl transferase was not entirely 
fooled because the yield of the hexa
peptide was markedly reduced when the 
hydroxyacyl tRNAs were substituted for 
the aminoacyl tRNAs. Fahnestock and 
Rich make the interesting suggestion that 
because the peptidyl transferase can 
manifestly use either the nitrogen or 
oxygen atom as a nucleophile, it could 
equally catalyse the hydrolysis reaction 
known to occur in chain termination. 
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