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1. Introduction

The genome of alfalfa mosaic virus (AMV) consists
of 3 single stranded RNA molecules of messenger
polarity: RNA 1, RNA 2 and RNA 3. However, the
bare genome RN As are not infectious unless a catalytic
amount of the coat protein of the virus or its messen-
ger, the subgenomic RNA 4, is added (reviewed [1]).
For infectivity all 3 genome RNAs need some coat
protein bound [2,3]. The affinity of the RNAs for
coat protein is so high that they remove protein from
the coat of intact virions [4,5].

The 4 RNAs have a homology of >83% in the
sequence of the last 150 3'-terminal nucleotides
[6—8]. Protein binding is likely to take place preferen-
tially near the 3'-ends and probably serves the recog-
nition by the replicase [9].

3'-Terminal fragments of 88 and 94 nucleotides
of RNA 4, obtained by partial digestion of this RNA
with ribonuclease T1 and called 29B and 29C, respec-
tively, have been shown indirectly to interact with
virus particles. In contrast to larger 3'-fragments, they
do not remove protein subunits from virions. However,
when a partial digest of RNA 4 is incubated with virus
particles, the amount of 29B and 29C as free frag-
ments is strongly reduced. This has been interpreted
as sticking of these small fragments to the coat of the
particles [9].

Here we show by means of gradient centrifugation
that the sticking takes place, and that it is a specific
process. Subfragments of fragment 29C were also
tested for sticking to particles and it was shown that
36 but not 50 nucleotides could be removed from the
3"-end of fragment 29C without the sticking property
being affected.
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2. Materials and methods

2.1. Materials

T4 polynucleotide kinase was from Boehringer
Mannheim. [y->2P]ATP (spec. act. 3 Ci/uM) was
obtained from the Radiochemical Centre (Amersham);
RNase T1 from Calbiochem. Bottom component
virions (94 S) of AMV strain 425 were prepared
according to [10] and turnip yellow mosaic virus
(TYMYV) according to [11].

2.2. Preparation, labelling and subfragmentation of
fragment 29C of RNA 4

A mixture of fragments 29B and 29C of RNA 4
(strain 425) was isolated according to [12] and 5'-end
labelled with T4 polynucleotide kinase (4 units) and
[v-32P]ATP as in [13]. In each experiment ~0.7 ug
RNA was labelled with 0.2—0.5 mCi [y-32P] ATP; the
fragments were separated on 20% polyacrylamide slab
gels as in [12] and eluted as in [14]. Partial digestion
of fragment 29C with RNase T1 was according to [15],
using 0.1 unit enzyme and 15 ug carrier RNA (tRNA
from Escherichia coli) at 50°C for 15 min. Purifica-
tion and elution of subfragments was as for fragments
29B and 29C. In addition to the expected G(5")p-hits
also some aspecific cleavage was found probably
resulting from traces of nuclease contamination in
the kinase preparation. The lengths of the fragments
were determined by comparing the electrophoretic
pattern resulting from the T1 digestion with that of
an alkaline hydrolysate as shown in [12]. The sub-
fragments are indicated by the position of their 3'-ter-
minal nucleotide counted from the 3'-terminus of
RNA 4. A fragment of 68 nucleotides from the cistron
region of RNA 4 (nucleotides 302—370 from the 5'-
end) [16] was a gift from F. Th. Brederode.
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2.3. Virion-binding assay

The end-labelled RNA fragments and subfragments
to be tested were ethanol precipitated, dried and dis-
solved in 50 ul 0.01 M NaH,P0;, 0.001 M EDTA
(pH 7.0) (PE-buffer). After a short heat treatment
(3 min, 60°C) to abolish aggregation, 40 ul virion sus-
pension (4.8 ug bottom component/ul in PE-buffer
suppleted with 1 mM NaNj;) were added and the mix-
tures were incubated at 4°C. Finally they were loaded
onto sucrose gradients (10—40%, PE-buffer (pH 7.0))
centrifuged in a Beckman SW 27.1 rotor (22 X 103
rev./min, 12 h, 4°C) and fractionated with continuous
A0 recording. Cerenkov and liquid scintillation
counting was performed in a Mark Il (Nuclear
Chicago). The virion-binding ratio was determined
by dividing the fast sedimenting counts by the total
radioactivity in the gradient, both corrected for back-
ground counts.

3. Results

3.1. Virion-binding of fragments 29B and 29C: binding
specificity

Fig.1 A shows that a large part of a fragment 29C
preparation cosediments with AMV virions after 6 h
incubation. Under similar conditions no cosedimenta-
tion was found with fragment 29C and TYMV virions
(fig.1B) nor with an RNA 4 cistron fragment (nucleo-
tides 302—370 from the 5'-end; see section 2) and
AMV virions (fig.1C). After 4—5 h the binding ratio
reached its maximum value (0.4—0.5) and did not
decrease within 24 h.

Kinetic studies revealed a slight difference in com-
plexation rate during the first 2 h, in favour of frag-
ment 29B (fig.2).

3.2. Virion-binding of subfragments of fragment 29C
Subfragments of different lengths having the 5'-
terminus of fragment 29C were assayed for binding to
virions. Digests differed in the amount of each of the

subfragments so that the set of subfragments that
could be assayed in successive experiments was dif-
ferent. In 2 expt. subfragment 55 resulting from an
aspecific hit was tested. Incubation time was 6 h. The
results are shown in table 1. A sharp transition between
the binding ratios of binding and non-binding subfrag-
ments can be observed. Obviously the smallest bind-
ing fragment is 37. The nucleotide sequence and a
possible secondary structure of this and other subfrag-
ments is shown in fig.3, according to [12].
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Fig.1. Distribution of radioactivity (o——o) and absorbance
(—) in a sucrose gradient of an incubation mixture of RNA
4 fragments with virions. Incubation was for 6 h. (A) Frag-
ment 29C with AMYV virions; binding ratio 0.53. (B) Fragment
29C with TYMV. (C) RNA 4 cistron fragment {nucleotides
302370 from the §' end; see section 2) with AMYV virions.
Each gradient was loaded with ~6000 Cerenkov cpm (RNA)
and 200 ug protein.
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Fig.3. Nucleotide sequence and a possible secondary structure
6 é % é ﬁB of fragment 29C, according to [12] (revised). T1 specific
and non-specific hits gave rise to binding (thick arrows) and
Time {h}) non-binding (thin arrows) 5'-end labelled subfragments. The

Fig.2. Kinetics of the binding of fragments 29B (c——o) and
29C (—) to virions. Only 1/6th of the usual amount of
virions was added in these experiments. Samples taken at zero
time could still react during loading and running of the gra-
dients.

4. Discussion

From the above it is evident that the specific virion-
binding site of 3"-terminal fragments of AMV RNA 4
is located upstream from nucleotide 36 from the 3'-
end. Fragment 29C binds less rapidly than fragment
29B, although 6 nucleotides longer. This is in accord-
ance with the difference in binding between these

Table 1
Virion-binding ratios of subfragments of fragment 29C
Subfrag- Binding ratic?
ment?
1 2 3 4 Mean
1 (=29C) 0.47 047
5 0.31 042 0.52 0.42
7 0.52 0.52 0.52/
15 0.66 0.66/
19 0.48 0.48
23 0.36 0.22 0.29
31 040 043 0.34 0.39
37 0.39 0.53 0.53 0.46 048
51 0.03 0.03
55 0.03 0.01 0.02
57 0.08 0.08
69 0.09 0.00 0.05

2 The subfragments are indicated by the position of their
3'-terminal nucleotide counted from the 3’ terminus of
RNA 4. Thus, subfragment 37 contains nucleotides 3794

b Four successive experiments were performed

subfragment ending in nucleotide 37 is the shortest binding
subfragment.

fragments found in [9]. Fragment 29C may contain

a weak hairpin at its 5-terminus (fig.3; G° = —0.8
kcal/mol), which will be absent in fragment 29B.
Apparently this hairpin counteracts the binding to
some extent. In the structure of the complete RNA 4
this hairpin is supposedly absent [6]. Taken together
the results suggest that the stable hairpin (G° = —18.6
kcal/mol) in which nucleotides 40—67 are supposed
to be involved [12] (fig.3) plays an important role in
the binding. This is in agreement with the finding that
a 3'-terminal fragment of ~35 nucleotides did not bind
to virions (C. J. Houwing, E. M. J. J., unpublished).
The region of the stable hairpin is also present in the
genome RNAs. The small sequence differences found
between the RNAs would not affect the proposed
base-paired structure [6—8]. Thus, in the activation
of the AMV genome by a few coat protein molecules
coat protein interaction at this site could be an essen-
tial step.
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