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We present evidence, based on extensive mutagenesis, that a hairpin loop at the 5’ end of influenza A virus
virion RNA (VRNA) is required for the synthesis of polyadenylated mRNA from model vRNA templates in vitro.
The hairpin loop, which we term the vRNA 5’ hook, contains a stem of 2 bp formed by the second and third
residues pairing with the ninth and eighth residues, respectively, and a 4-nucleotide loop composed of the
intervening residues 4 to 7. Disruption of the base pairs of the VRNA 5’ hook by introducing point mutations
prevented polyadenylation, except in two mutants where a G-U base pair reformed. The polyadenylation
activity of point mutants could be rescued by constructing double mutants with reformed base pairs in the stem
of the VRNA 5’ hook. These results suggest that base pairing rather than a particular nucleotide sequence was
critical. We also show that mutation of the analogous region in the 3" arm of vRNA did not interfere with the
synthesis of polyadenylated mRNA, suggesting that a hook structure in the 3’ arm is not required for

transcription of polyadenylated mRNA in vitro.

The eight, negative-stranded virion RNA (VRNA) gene seg-
ments of influenza A virus are each transcribed to produce
polyadenylated mRNA by a virus-encoded RNA polymerase
complex composed of three subunits termed PB1, PB2, and PA
(11). The termini of each single-stranded RNA segment are
conserved in sequence for 13 and 12 nucleotides at the 5" and
3’ ends, respectively. These ends display partial inverted
complementarity (2) and adopt a circular, panhandle confor-
mation in virions and infected cells (9).

The nucleotide sequence requirements controlling influenza
virus transcription and replication have been studied exten-
sively (1, 5, 8, 10, 16-18, 20, 24, 25, 29). In vivo studies using
influenza virus-like RNAs containing a chloramphenicol
acetyltransferase (CAT) reporter gene have demonstrated the
importance of both 5" and 3’ termini of VRNA for overall
genome expression and replication (16). In vitro systems ini-
tially suggested that the promoter for transcription resided
entirely in the 3’ conserved sequence (20, 24, 25). Subse-
quently, it was shown that the influenza virus polymerase binds
strongly to the 5'-terminal sequences and that the segment
termini interact during transcription initiation (5, 6, 8, 28).

The precise structure of the panhandle formed between the
segment termini has been the subject of debate. In vitro tran-
scription studies demonstrated that, although base pairing be-
tween residues 10 to 15 of the 3’ arm and residues 11’ to 16’ of
the 5’ arm (prime notation is used to distinguish 5" residues
from 3’ residues [5]) was required for promoter activity, base
pairing between residues 1 to 9 (3") and 1’ to 9’ (5') was not
required (5, 6). Indeed, most of the first nine residues of the 3’
arm could be mutated without destroying promoter activity in
vitro. Even multiple mutations within the 3’ arm were toler-
ated (5, 6, 25). These results led to the proposal of the RNA
“fork” model, which suggested that the extreme terminal se-
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quences were open, like the prongs of a fork, held together by
base pairing between residues further from the ends (5, 6) (Fig.
1A). An in vivo study with CAT reporter constructs suggested
an alternative model in which the ends of the VRNA segments
each formed a local secondary structure (3, 4). This RNA
“corkscrew” model suggested that residues 4 to 7 formed a
tetraloop at the end of a 2-bp stem formed by residues 2 and
3 pairing with residues 9 and 8. This stem-loop structure was
postulated to be present at both the 3" and 5’ segment ends.

We have shown recently that polyadenylated mRNA mole-
cules are synthesized from vVRNA-like templates in an adenylyl
3’5" guanosine (ApG)-primed in vitro transcription system,
dependent on the presence of a functional RNA polymerase
binding site near the 5’ VRNA terminus of the transcription
template (22, 23). Although capped host mRNA is used as a
primer by the influenza virus RNA polymerase during viral
infection, dinucleotide primers such as ApG have been used
extensively in influenza virus in vitro transcription reactions,
including for the synthesis of poly(A)-containing transcripts
from endogenous VRNA templates (21). ApG-primed synthe-
sis essentially mimics capped primer initiation when transcrip-
tion is studied in vitro (6, 24, 25).

Here, based on previous evidence from studies on Thogoto
virus, a related orthomyxovirus, where a 5’ hook structure was
identified (12-14), we investigated whether a hairpin-loop
structure near to the 5’ end of influenza virus VRNA is re-
quired for the synthesis of polyadenylated mRNA. We found
that a 5" vVRNA hook structure, composed of a hairpin loop, is
required. Furthermore, we found that an analogous structure
in the 3’ end of VRNA suggested by the corkscrew model (3, 4)
can be disrupted without loss of mRNA synthesis. This sug-
gests that a 3’ hook is not required for the ApG-primed syn-
thesis of polyadenylated mRNA.

MATERIALS AND METHODS

Preparation of influenza A virus polymerase. RNA polymerase was isolated
from influenza A virus, strain X-31, a reassortant of A/HK/8/68 and A/PR/8/34 as
described previously (24). The virus was disrupted with Triton X-100 and lyso-
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FIG. 1. (A) RNA fork representation of VRNA. The sequence is of the
49-mer vVRNA-like template used, which is the same as the 717-nt template
except for a 668-nt insertion at the position marked by the arrowhead (15, 23).
Residues 2', 3’, 8, and 9’ are labeled and in boldface. (B) Diagram of the 5’
VRNA hook showing the base pairings of residues 2’ and 3’ with residues 9" and
8'. (C) Base-paired mutants tested in the present study. The mutated residues
are underlined. Only residues 2', 3’, 8’, and 9" are shown and are positioned as
in panel B.

lecithin; ribonucleoprotein (RNP) was separated by glycerol step gradient cen-
trifugation, and endogenous VRNA was degraded by micrococcal nuclease.

Construction of plasmids. The 717-nucleotide (nt) wild-type RNA and its
mutants were synthesized from pBXPCATI1 (a gift from P. Palese) and its
derivatives. Plasmid pBXPCAT1 encodes a 717-nt long RNA (Fig. 1A) with an
antisense CAT gene flanked by linker sequences and vVRNA terminal sequences
derived from segment 8 of influenza virus A/PR/8/34 (15). Mutated plasmids
were made as described before (23).

RNA template preparation. Influenza virus vVRNA-like templates were pre-
pared and quantified as described before (23). Briefly, BpuAl-linearized plasmid
DNAs were transcribed with 25 U of T7 RNA polymerase at 37°C for 20 min to
2 h. The RNA was extracted with phenol-chloroform and precipitated with
ethanol. RNA templates were quantified either by gel electrophoresis, followed
by ethidium bromide staining (717-nt RNAs), or by gel electrophoresis after 5’
labeling by [y-3?PJATP and polynucleotide kinase, followed by PhosphorImager
analysis (49-mer RNAs).

In vitro influenza virus transcription. Transcription was done as described
previously (23). Briefly, 5- to 20-pl reaction mixtures contained 0.1 to 1 g of
RNA template (constant within an assay), about 1 pg of nuclease-treated RNP
(ca. 5 ng of polymerase protein [26], 500 wM nucleoside triphosphates, 0.5 mM
ApG, 50 mM Tris-HCI [pH 7.4], 50 mM KCl, 10 mM NaCl, 5 mM MgCl,, 5 mM
dithiothreitol, and 10 U of placental RNase inhibitor). The reactions were in-
cubated at 30°C for 3 h.

[«-*?P]ATP incorporation assay. Reactions were as described previously (23).
Briefly, the concentration of the ATP in the in vitro transcription mixtures was
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reduced to 25 uM, and 2 pCi of [a->?P]ATP (3,000 Ci/mmol) was added in a 5-ul
reaction mixture. Reactions were incubated for 3 h at 30°C, after which the
products were extracted with phenol-chloroform and precipitated with ethanol.
RNA pellets were dissolved in formamide loading dyes, heated at 99°C for 3 min,
and analyzed on 16% polyacrylamide-7 M urea gels. To quantify the yield of
mRNA products, the gels were dried and the high-molecular-weight smear of
mRNA products was examined by PhosphorImager analysis.

RT-PCR assay. Polyadenylated products from in vitro transcription reactions
containing 717-nt templates were assayed as before (23), except that the reverse
transcriptase (RT) reactions were assembled at 20°C instead of at 40°C. Briefly,
reverse transcription was at 40°C for 20 min in 10-pl reactions containing 50
pmol of 5" GC-clamped T,y primer (5'-GCCCCGGGATCCT,y-3"), 200 uM
(each) deoxynucleoside triphosphates, 10 U of placental RNase inhibitor, 100 U
of Moloney murine leukemia virus RT in a buffer containing 10 mM Tris-HCI
(pH 9.0), 50 mM KCl, 2.5 mM MgCl,, and 0.1% Triton X-100. Then, 50 pmol of
CAT-specific primer (5'-CGGTGAAAACCTGGCCTATTTCCCTAAAGGG-
3") and 1.5 U of Taq polymerase were added to the reverse-transcribed products,
which were next amplified by PCR (30 s at 94°C, 30 s at 65°C, and 2 min at 72°C)
for 33 cycles. PCR products were analyzed by electrophoresis on 1.2% agarose
gels in TAE buffer (40 mM Tris-acetate, 1 mM EDTA) and visualized by
ethidium bromide staining.

RESULTS

Mutagenesis of residues 2’ and 9’ of a 717-nt vRNA-like
template. The products transcribed in vitro from 717-nt VRNA-
like templates in influenza polymerase reactions were analyzed
for the presence of poly(A) tails by using the RT-PCR assay
described previously (22, 23). In this assay polyadenylated tran-
scripts are detected as a broad band on ethidium bromide-
stained agarose gels (see Materials and Methods). The broad
band contains cDNAs of heterogeneous length comprising 320
nt of template (and primer) sequences and poly(A) tails of
various lengths derived from randomly primed poly(A) se-
quences in the mRNA. The broad band has been rigorously
characterized before (23).

The effects of single and double point mutations at positions
2" and 9’ of the postulated 5" hook (Fig. 1B) were investigated
(Fig. 2). Lane 1 shows the typical broad band, which is indic-
ative of poly(A) formation, obtained when the transcription
products of the wild-type 717-nt vRNA-like template were
analyzed. Lanes 2 and 3, resulting from analysis of the products
transcribed from templates mutated at positions 2’ (G—C)
and 9’ (C—G), respectively, show no evidence of the poly(A)-
derived broad band. Instead, a sharp band of 320 bp occurs at
a position consistent with mispriming by the T, primer on the
run of six A residues present in cRNA molecules at the poly-
adenylation junction as seen before (22). In the present study,
the RT reactions were assembled at 20°C, rather than at 40°C
as before (22, 23) in order to encourage formation of this band,
because it serves as a useful control. The yield of the band is
variable even for the same template in independent experi-
ments, a result possibly due to slight differences in reaction
conditions affecting the efficiency of mispriming.

The double mutation (2’ G—C, 9" C—G), which can form a
“swapped” GC pair between positions 2’ and 9’, rescued ac-
tivity (Fig. 2, lane 4). Lanes 5 and 6 show the effect of mutating
residues 2" G—U and 9" C—A, respectively. In both cases, the
poly(A)-containing broad band is absent. For the double mu-
tant (2 G—U, 9 C—A), a broad band is present (lane 7),
indicating that polyadenylated transcripts were synthesized.
When position 2" was mutated (G—A) polyadenylation was
also inhibited (lane 8), although when 9’ was mutated (C—U),
with position 2’ remaining a G as in wild type, polyadenylated
transcripts were again synthesized (lane 9). This last result is
explained by the formation of a G-U base pair between the
wild-type position 2" (G) and the mutated position 9’ (C—U)
(see Fig. 1C).

Mutagenesis of residues 3’ and 8’ of a 717-nt vVRNA-like
template. A similar analysis was carried out for residues 3" and
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FIG. 2. RT-PCR assay of polyadenylated mRNA synthesis from 717-nt VRNA-like templates mutated in the 2’ to 9" base pair of the 5’ VRNA hook. Lanes: 1, control
reaction assaying the products from the wild-type template; 2 to 9, assay of the products synthesized from the mutated templates as shown; 10, no added template
control; 11, DNA size markers. Poly(A) marks the broad band indicative of polyadenylated mRNA production.

8’, the residues involved in the second potential base pair of
the postulated 5’ hook structure (Fig. 1B). Templates carrying
single and double point mutations at positions 3’ and 8" were
transcribed in vitro, and the products were analyzed by RT-
PCR assay (see Materials and Methods). Figure 3 (lane 1)
shows the broad band containing heterogeneously sized,
poly(A)-containing cDNAs present when the wild-type tem-
plate was transcribed and assayed. All single mutations except
8" A—G (lane 9, see below) resulted in loss of the broad band
(lanes 2, 3, 5, 6, and 8). Instead, these lanes contained the
320-bp band consistent with mispriming on the run of six A
residues present in cRNA. Thus, polyadenylated mRNA was
not detected in these reactions. In contrast, double mutations
which reintroduced base pairs gave rise to polyadenylated
mRNA (lanes 4, 7, and 10). Interestingly, the single mutant 8’
A—G (lane 9) also gave rise to polyadenylated products.
Again, this single mutation is compatible with the proposed
base-paired structure, since a U-G pair would replace the U-A
wild-type base pair (see Fig. 1C). The slightly reduced intensity
of the broad band in lane 7 was not typical; in replicate exper-
iments the double mutant (3' U—G, 8" A—C) gave a broad
band similar to the wild type.

Representative mutagenesis at positions 2’, 3’, 8', and 9’ of
a 49-mer vRNA-like template. Representative mutations of the
above study on the 717-nt template were also introduced into
a short, 49-mer vRNA-like template (Fig. 1A) for which a
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convenient direct [a->?P]ATP incorporation poly(A) assay has
been developed (22, 23). In this assay, polyadenylated mRNA
molecules appear as a high-molecular-weight smear and are
separated from nonpolyadenylated cRNA molecules by elec-
trophoresis through polyacrylamide gels and visualized directly
by autoradiography (see Materials and Methods). The mRNA
is heterogeneous in size because of the variable lengths of
poly(A) tail present (23). The ratio of mRNA to cRNA made
in the assay appears to be independent of whether ApG or
globin mRNA is used as a primer (data not shown). Figure 4A,
lane 1, shows the high-molecular-weight mRNA smear and a
discrete cRNA band resulting from transcription of the wild-
type 49-mer vRNA-like template. Mutation of either 3’
(U—=A) or 8 (A—U) (lanes 2 and 3, respectively) resulted in
loss of the mRNA signal, while cRNA was unaffected. When
both positions 3" and 8’ were mutated to form a double mutant
with an A-U instead of a U-A base pair, polyadenylation was
restored to wild-type levels (lane 4). Figure 4B (lanes 1 to 4)
shows the effects of mutating the 2'-9" potential base pair of
the 5" hook. Mutating either 2’ G—C or 9" C—G alone caused
the loss of the mRNA signal (lanes 2 and 3, respectively).
However, swapping the base pair by introducing the double
mutation 2’ G—C 9" C—G restored polyadenylation (lane 4).
Strikingly, simultaneous mutation of all four of the residues in
the stem of the 5" hook, swapping both base pairs (2 G—C, 9’
C—G and 3" U—A, 8 A—U) (see Fig. 1C) also allowed
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FIG. 3. RT-PCR assay of polyadenylated mRNA synthesis from 717-nt VRNA-like templates mutated in the 3’ to 8’ base pair of the 5’ VRNA hook. Lanes: 1, control
reaction containing the wild-type template; 2 to 10, assay of the products synthesized from the mutated templates as shown; 11, no added template control; 12, DNA
size markers. Poly(A) marks the broad band indicative of polyadenylated mRNA production.
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FIG. 4. [a-*’P]ATP incorporation assay of polyadenylated mRNA and cRNA synthesized from the 49-mer vRNA-like templates. (A) Effect of mutating the 3’ to
8’ base pair of the 5" VRNA hook. Lanes: 1, wild-type template products showing the high-molecular-weight polyadenylated mRNA and the cRNA band; 2 and 3, single
mutants as shown; lane 4, double mutant as shown. (B) Effect of mutating the base pair 2’ to 9" of the 5’ VRNA hook. Lanes: 1, wild type; 2 and 3, single mutants as
shown; 4, double mutant as shown; 5, quadruple mutant as shown. Only the upper (major) band of the cRNA doublet (22, 23) is shown here.

synthesis of polyadenylated mRNA. (Fig. 4B, lane 5). Al-
though the level of polyadenylated product for the base-paired
mutants appeared to be reduced compared to wild type (Fig. 4,
lanes 4 and 5 compared to lane 1), it should be noted that a
duplicate wild-type reaction performed at the same time
showed mRNA levels similar to those of the base-paired mu-
tants (results not shown). This suggests that the somewhat
reduced mRNA levels observed may not be significant.
Mutagenesis of positions 3 and 8 of the 3’ arm of vVRNA. We
also investigated whether a hairpin loop structure, analogous
to that in the 5’ arm, was present in the 3’ arm of vVRNA as
proposed as part of the corkscrew model (3, 4, 18). Figure 5
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=
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FIG. 5. Effect of mutating positions 3 and 8 in the 3’ arm of the 717-nt
VRNA-like template. Lanes: 1, wild-type template; 2 and 3, point mutants as
shown; 4, DNA size marker.

shows, by RT-PCR assay (see Materials and Methods), that
polyadenylated mRNA synthesis from 717-nt vVRNA-like tem-
plates mutated at position 3 or 8 from the 3’ end is indistin-
guishable from that synthesized from the wild-type template.
These results contrast clearly with the results of the 5'-arm
mutagenesis, where each single point mutation at positions 2',
3',8',0or 9" (except two examples where a G-U base pair could
form) resulted in the loss of polyadenylation function (see Fig.
2, 3, and 4).

DISCUSSION

Previously, we demonstrated that transcription products syn-
thesized in vitro from influenza virus vRNA-like template
RNAs by virion-derived RNA polymerase preparations in-
cluded polyadenylated mRNA in addition to cRNA (23). An
extensive mutagenic study identified residues within the con-
served 5 arm of VRNA which were required for mRNA syn-
thesis (22). The roles of the critical residues could be explained
by two requirements for polyadenylation. First, residues at the
5" end of the template, known to be critical for polymerase
binding (5), were required for polyadenylation (22, 23). Sec-
ond, residues involved in base pairing between the 5" and the
3’ ends of VRNA (6) were required, suggesting that a complex
composed of the influenza RNA polymerase and the 5'-termi-
nal VRNA sequences acts in cis on the 3’ end of the same
vRNA molecule in order to initiate mRNA synthesis (22).

Those residues essential for polyadenylation because of their
involvement in polymerase binding included residues 2’, 3’, §',
and 9’ (5, 22, 23). These residues had also been shown to be
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important for CAT expression from influenza-like vVRNA tem-
plates in reporter assays in vivo (3, 4, 18). These studies had
suggested a secondary structure model for the panhandle,
known as the corkscrew model, in which two stem-loop struc-
tures were present, one in each arm of the panhandle.

Here, we present evidence for a hairpin loop structure at the
5" end of influenza virus VRNA, which we show is required for
the synthesis of polyadenylated mRNA. This vVRNA 5’-hook
structure has a stem of 2 bp (residues 2’ and 3’ pairing with
residues 9" and 8', respectively) and a 4-nt loop (residues 4’ to
7"). Disruption of the stem by any single point mutation, except
two cases where a G-U pair would form, prevented the syn-
thesis of polyadenylated mRNA—a process known to be de-
pendent on the binding of the polymerase to the 5" end of
VRNA (22, 23). In contrast, introducing alternative base pairs
rescued the synthesis of polyadenylated transcripts, thus dem-
onstrating that these templates retained polymerase binding
activity. The alternative base-paired structures tested and
shown to be active in polyadenylated mRNA synthesis are
summarized in Fig. 1C. The results suggest that the base-
paired structure, rather than the precise nucleotide sequence
of the VRNA 5’ end, is the critical feature allowing the synthe-
sis of polyadenylated mRNA. An alternative explanation for
the observed activity of the single mutants at positions 8’
(A—G) and 9’ (C—U), which each allow a G-U pair to form,
is that nucleotides 8" and 9" are crucial residues per se. How-
ever, since RNA G-U base pairs are known to be as stable as
A-U base pairs (19) and since all the other data presented
point to the importance of base pairing rather than to residue
identity, we feel that this alternative explanation is unlikely.

We further show that there is no requirement in ApG-
primed synthesis of polyadenylated mRNA in vitro for an
analogous hook structure in the 3" arm of VRNA. Thus, mu-
tagenesis of residues which would form the stem of a 3’ VRNA
hook, were it to exist, failed to interfere with the production of
polyadenylated transcripts (Fig. 5). This discrepancy with data
from the in vivo study (3, 4), which had suggested the presence
of hairpin loop structures in both the 5’ and 3" vRNA ends,
may be due to indirect effects in that earlier assay system. Thus,
increased CAT activities observed in vivo may have been due
not to the presence of a 3' VRNA hook but to the consequen-
tial effects on a 5’ cRNA hook—the sequence of which de-
pends on the VRNA 3’-end sequence. Thus, in the in vivo
study, the reference construct which was used had a mutated 3’
vRNA terminus, which would have resulted in a VRNA-like
hook being present at the 5’ end of cRNA (3, 4). This might
have stimulated CAT production indirectly by increasing rep-
lication.

In Thogoto virus, a related orthomyxovirus the promoters of
which show striking similarities to those of influenza A virus,
the possible secondary structure of the segment termini has
been investigated by two different in vitro assays (12-14). Both
endonuclease activation and transcription initiation were
shown to require base pairing of residues 2’ and 3’ with resi-
dues 8’ and 9’ of the 5’ terminus (12, 13), suggesting that a 5’
hook was present in Thogoto virus VRNA. In contrast to
VvRNA, the Thogoto virus cRNA 5’-arm sequence is not com-
patible with the formation of a hook (14), although mutagen-
esis to introduce a 5’ ¢cRNA hook stimulated endonuclease
function (14). It is therefore interesting to speculate that the
differential activation of endonuclease function by vVRNA and
cRNA panhandles of influenza A virus (1) may be due to
sequence differences within the hook that may control precise
interactions with the RNA polymerase complex.

In the present study, it is possible that not all base-paired
mutations rescued activity to the same extent. Although the
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RT-PCR assay is not a quantitative assay, both the 2" G—=U 9’
C—A double mutant and the 9" C—U (G-U paired) mutant
consistently produced weaker broad bands than the wild-type
template (Fig. 2, lanes 7 and 9), suggesting that the level of
polyadenylated mRNA synthesis from these templates was re-
duced. Also, although mutation of all four residues of the stem
of the 5’ hook in a way which conserved base pairing (Fig. 1C)
was compatible with polyadenylated mRNA synthesis in the
[«-**P]ATP incorporation assay (Fig. 4B, lane 5), the same
mutations inactivated the 717-nt template (data not shown).
The reason for this discrepancy between the two assays, the
only evident discrepancy between equivalent mutations both
here and in previous studies (22, 23), is unknown. This result
suggests that features of the template other than the sequence
of the ends of the RNA may be important.

It is interesting to speculate what effects swapped base pairs
in the 5" hook might have if live virus could be rescued with
such mutations. In a previously identified base-paired region of
the vVRNA panhandle, specifically residues 11’ to 16" paired to
residues 10 to 15, the in vitro transcription findings (5, 6) were
followed up by an in vivo study in which live virus was rescued
with swapped base pairs. A transfectant virus with the 11-to-12’
G-C pair mutated to a U-A pair showed reduced levels of
mRNA synthesis from the mutated neuraminidase-coding seg-
ment 6 (7). The role of this base-paired region and of the hook
region in polyadenylation are both consistent with our previous
in vitro studies (22, 23). It is not known which, if any, of the 5’
hook base-pair mutants whose activity could be rescued in vitro
here (Fig. 1C) could be introduced into viable virus. It is of
interest that a swapped mutation at residues 12 to 13’, which
was compatible with good levels of transcription in vitro, was
not rescued into live virus (4a, 5-7).

The conserved vVRNA and cRNA 5’ termini of influenza A,
B, and C viruses all have sequences (27) that would allow a 5’
hook to form. Although these viruses also have sequence
complementarity between residues 2 and 3 with residues 9 and
8 in the 3’ terminus of each VRNA segment, the present study
demonstrates that a 3’ vVRNA hook, were it to exist, can be
disrupted without affecting the ApG-primed synthesis of poly-
adenylated mRNA. This implies that the sequence restraints
imposed by the 5" arm of cRNA may be indirectly responsible
for the presence of hook-like sequences in the 3’ region of
VRNA, rather than there being a direct functional significance
to VRNA. We cannot exclude, however, that a 3’ VRNA hook
has functional relevance to replication, segment packaging, or
some other aspect of the influenza virus life cycle. Neither can
we exclude the possibility that the 5 vVRNA hook might also
function in cRNA synthesis and replication. It might be possi-
ble to investigate these aspects of the hook by characterizing
live, transfectant viruses carrying mutations designed to modify
the hook.

In summary, we have identified a hairpin loop structure, the
5" vRNA hook, at the 5’ end of influenza VRNA which is
required for the transcription of polyadenylated mRNA. In
contrast to a previous in vivo study (4), we find that the 3’ arm
of vVRNA can be mutated in a way which would disrupt forma-
tion of the analogous motif in the 3’ terminus without inter-
fering with the transcription of polyadenylated mRNA. We
conclude that a 5" vVRNA hook structure is likely to be required
for interaction with the influenza virus RNA polymerase as
part of a complex leading to transcription of polyadenylated
mRNA. Further work is required to define the precise inter-
actions of the 5" vRNA hook with the individual components
of the RNA polymerase complex.
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