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1. Introduction

The genome of Semliki Forest virus (SFV) appar-
ently codes for 4 structural and 4 non-structural
proteins.

The structural proteins are translated from a single
initiation site essentially as a polyprotein. The gene
order in the subgenomic 26 S RNA messenger is as
follows: capsid protein—E3—-E2—E1. The individual
proteins are formed by post-translational processing
of the structural polyprotein in different compart-
ments of the cell (reviewed [1,2]), [3-5].

The non-structural proteins are also synthesized
from one initiation site, principally as a polyprotein
[5] from the 42 S RNA genome which serves as mes-
senger. The gene order in the non-structural polypro-
tein is known to be ns70—ns86 —ns72—ns60 (reviewed
[1,2]). The details of the post-translational process-
ing of the non-structural polyprotein are unknown.

The nucleotide sequence of the cloned SFV 26 S
RNA has been determined [3,4]. From this, the pro-
tein structures could be deduced using the partially
known N- and C-terminal protein amino acid
sequences determined in [5—8] and here.

We report the results of direct N-terminal sequence
analysis of the structural precursor protein p62
(E3 + E2) and the envelope glycoprotein E3 which
allow their precise localization in the polyprotein.
Both proteins have identical N-terminal structures
which means that the signal sequence of p62 is not
cleaved off as is the case with most other signal
sequences. A mixture of radiolabelled p62 and ns70
gave positive assignments only in positions corre-
sponding to those of p62 suggesting that ns70 may
have a blocked N-terminus.
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2. Materials and methods

Semliki Forest virus prototype strain was grown,
labelled with [33S]Met and purified as in [6]. After
purification of E3 glycoprotein as in [6], it (20 nmol)
was treated with 0.4 ug neuraminidase (Behringewerke
AG, Marburg) in 0.1 M sodium acetate (pH 5.5),

1 mM CaCl,, at 37°C for 2 h, and then chromato-
graphed on a Bio-Gel P2 column (0.7 X 15 ¢cm, 10%
acetic acid) and lyophilized. For quantitation, a sam-
ple (5%) of the purified E3 was subjected to hydroly-
sis in 6 N HCl at 110°C for 24 h followed by amino
acid determination (Beckman 121M amino acid ana-
lyzer).

Virus-specific proteins were labelled in BHK 21
(baby hamster kidney) cells infected with the wild-
type virus or in secondary, pathogen-free chicken
embryo cells infected with the £s-1 mutant as in [9].
At 5.5 h post-infection the cells were labelled with
[®H] Ala (43 Ci/mmol, Amersham), 500 uCi/dish in
Eagle’s minimum essential medium (MEM). At 6 h
post-infection the dishes were once washed with
Hank’s balanced salt solution and the cells were col-
lected into 2% sodium dodecyl sulfate (SDS) as
in [9].

Infected chicken embryo cells were, after synchro-
nization of initiation of protein synthesis [9,10],
labelled at 5.5 h post-infection for 3 min with either
[*H] Ala (43 Ci/mmol, Amersham), [*H] Val (57 Ci/
mmol, Amersham) or [3*S]Met (210 Ci/mmol,
Amersham), 500 uCi/dish in MEM in which the
amino acid used for labelling was lacking. The pulse
was followed by a 1 h chase in the presence of excess
of the respective amino acid in MEM. The cells were
collected into 2% SDS as in [9].
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Preparative SDS—polyacrylamide gel electrophore-
sis was carried out in the presence of 2-mercapto-
ethanol in a 10% gel and the proteins were localized
by the aid of radioactive markers run in separate lanes
followed by elution from the gel and precipitation as
in [6].

The precipitated proteins were dissolved in 0.5 ml
formic acid and degraded in a Beckman model 890C
sequencer together with 78 nmol apo-myoglobin and
4 mg Polybrene [6]. The 1 M Quadrol protein pro-
gram was used. After conversion (0.2 ml 1M HCI,
80°C, 5 min) and extraction (2 X 0.7 ml ethyl ace-
tate), the dried ethyl acetate phases were dissolved in
60 ul methanol and 50 ul from each fraction was
directly measured for radioactivity. The remaining
10 ul was analyzed by high-performance liquid chro-
matography (HPLC, Hewlett-Packard 1084B) using a
Nucleosil ODS C,5 column and a solvent system as
in [11].

Purified E3 was manually degraded [12]. After
conversion and extraction (as above) the dried ethyl
acetate phases were dissolved in 60 ul methanol; 20 ul
was directly measured for radioactivity and the
remaining 40 ul was analyzed by HPLC as above.
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3. Results and discussion

SFV-specific proteins were labelled and then sepa-
rated by preparative SDS—polyacrylamide gel electro-
phoresis. Fig.1 A shows the separation of [3H] Ala-
labelled proteins from wild-type virus-infected
BHK 21 cells. During the conditions used, only negli-
ble amounts of virus-specific non-structural proteins
were synthesized, as shown by the level of ns86.

After purification the [3H] Ala labelled p62 was
subjected to sequencer degradation together with the
apo-myoglobin carrier. The results are shown in
fig.2 A. They allow precise localization of the N-ter-
minus of p62 on the structural polyprotein as shown
in table 1. The level of initial coupling for p62 was
found to be about the same as that for the apo-myo-
globin carrier, indicating that the N-terminus of p62
is accessible for Edman degradations.

However, the finally processed envelope glycopro-
tein E3 may have a blocked N-terminus as suggested
in [6]. Some amino acid derivatives were recovered
but only in too low amounts for reliable sequence
assignments. To control these results, E3 was labelled
with [33S]Met and purified as before and the yield

ns70+
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Fig.1. Preparative SDS—polyacrylamide gel electrophoresis of proteins from (A) BHK 21 cells infected with Semliki Forest virus
wild-type and labelled at 5.5 h post-infection with {*H]}Ala for 30 min. (B) Chicken embryo cells infected with Semliki Forest
virus £s-1 mutant and labelled, after synchronization of initiation of protein synthesis, at 5.5 h post-infection with a 3 min pulse
of [*H]Ala. Slices 63 and 64 indicate positions of bromophenol blue in A and B, respectively.
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Fig.2. Results of sequencer degradations of purified Semliki Forest virus specific proteins. (A) p62 labelled with [*H]Ala and
purified from BHK 21 cells infected with the wild-type virus. (B—D) Mixtures of ns70 and p62 from ts-1 mutant infected chicken
embryo cells incubated at 39°C and pulse-labelled, after synchronization of initiation of protein synthesis, with [*H]Ala (B),
[?*S]|Met (C) and [*H]Val (D).

Table 1
Comparison of sequence results with previous data

p62
capsid E3
x

(A) -Glu-Glu-Trp}Ser-Ala-Pro-Leu-lle-Thr-Ala-Met-Cys-Val-Leu-Ala-Asn-Ala-Thr~

2 7 8 10 12 14

(B) -Ala- -Ala-Mct-  =Val-  =Ala-  =Ala-
1 5 10

(C) Ser-Ala-Pro~-Leu-lle-Thr-Ala-Met-  -Val-Lcu~Ala-  -Ala-

(A) A part of the indirectly determined [3] amino acid sequence of the Semliki Forest virus (SFV) structural polyprotein around
the C-terminus of the capsid protein [7,8]. (B) N-terminal structure presently determined (fig.2) by radiosequence analysis of
p62. (C) N-terminal amino acid sequence presently determined (table 2) for the envelope glycoprotein E3. (X) One of the two
potential glycosylation sites of SFV E3
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Table 2
Results of N-terminal sequence analysis of Semliki Forest virus envelope glycoprotein E3
(10 nmol, 67 000 cpm [*°S]Met)
Position Identified Amount Radioactivity = Position Identified Amount Radioactivity
residue (nmol) (cpm) residue (nmol) (cpm)

1 Ser H 35 8 Met R 787
2 Ala H 0.21 30 9 — 166
3 Pro H 38 10 ValH 0.23 144
4 Leu H 0.22 36 11 Leu H 0.10 98
5 lie H 0.24 62 12 Ala H 0.12 74
6 Thr H 47 13 — 92
7 Ala H 0.20 44 14 Ala H 0.10 98

Residue identifications by H (HPLC) or R (radioactivity from the [**S]Met label). Values show levels of the

most stable amino acid derivatives recovered

was determined by quantitative amino acid analysis
after acid hydrolysis. In contrast to [6] the purified
E3 was now treated with neuraminidase to reduce the
carbohydrate moiety [13]. E3 (10 nmol) was manu-
ally degraded with results shown in table 2. These
confirm the structure obtained from the nucleotide
sequence {3] and show that both p62 and E3 have an
identical N-terminal structure which in the structural
polyprotein immediately follows the C-terminus of
the capsid protein as shown in table 1. However,
again the yield of amino acid derivatives was much
lower (table 2) than expected (5 nmol), although
considerably higher than the trace amounts recovered
in [6] when sialic acid was not removed. No Asn was
recovered in position 13 (table 2), one of the two
potential glycosylation sites of E3, suggesting that
this residue is linked to carbohydrate. This is in
accordance with the preliminary results which show
that E3 gives rise to a large carbohydrate-containing
tryptic peptide as would be expected if the Asn 13
were glycosylated (Pesonen et al., in preparation).

The quantitative amino acid analysis of E3 (not
shown) which was indistinguishable to that calculated
from the DNA sequence data [3] was compatible
with [7] that the C-terminus of E3 has only one Arg
residue. This must mean that upon cleavage of p62
to E3 and E2 one Arg residue of the polyprotein is
removed.

The low yields of amino acid derivatives from E3
indicate that its N-terminus is poorly accessible for
Edman degradation. The N-terminal structure
obtained, Ser—Ala—, is a typical one for acetylation
[14]. However, in the case of E3, acetylation is ques-
tionable, since substantial amounts apparently remain
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unblocked. Although incomplete acetylations are
known in native systems [15,16], an alternative
explanation to the low yields may be chemical hin-
drance of an unblocked N-terminus by the adjacent
glycan at Asn 13. E3 and the bulk of p62 differ in
respect to their glycan composition since the latter
contains high mannose-type glycans [17] which are
smaller. In any event, if the N-terminus of E3 is
blocked this must be a late processing since its
immediate precursor, p62 is accessible to Edman
degradation.

The non-structural polyprotein of SFV has an
N-terminal sequence Met—Ala [5]. Since the N-termi-
nal structure of p62 was now known we tried to
obtain information on the N-terminal structure of
ns70 from a mixture of labelled ns70 and p62 iso-
‘lated from SFV ts-1 mutant-infected chicken embryo
cells [18]. SFV-specific non-structural proteins are
overproduced in ts-1 mutant-infected cells incubated
at the restrictive temperature [19]. After synchroni-
zation of initiation of protein synthesis [9,10], 3 min
pulses of [*H]Ala, [*H]Val or [3S]Met were used to
label preferentially ns70 from the N-terminal part of
the non-structural polyprotein. Capsid protein and
p62 from the structural polyprotein become also
labelled in these conditions [9]. Fig.1B shows the
preparative separation of the [*H] Ala-labelled pro-
teins. The distribution of radioactivity was essentially
the same in the proteins labelled with [*H]Val and
[3*S]Met (not shown) but the total incorporation was
then considerably lower. The negligible amount of
labelled ns86 obtained and the lack of the labelled El
confirmed that synchronization of inititation of pro-
tein synthesis had occurred as expected. The [°H] Ala,
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[®H]Val and [3°S]Met labelled mixtures of ns70 and
p62 were subjected to sequencer degradation. Results
are shown in fig.2B—D and table 1. All the mixtures
contained 2250% (mol/mol) ns70 as calculated from the
radioactivities in relation to the composition of p62.
However, the positive assignments in fig.2B—D cor-
respond only to positions in p62 and confirm the
results shown in fig.2 A and those from the nucleotide
sequence data [3] (table 1). No other positive assign-
ments could be obtained, suggesting that the N-ter-
minus of ns70 is also inaccessible to degradation pro-
vided that the presently labelled residues (Ala, Val,
Met) occur within the 24—29 first positions
(fig.2B—-D) which they should, especially if the origi-
nal Met—Ala— [5] or longer oligopeptides have not
been removed. Many viral proteins are known to have
blocked N-termini and when formed by cleavage of a
precursor such proteins are often located at the
N-terminus of the original polypeptide [20], ns70 is
also N-terminal in the non-structural polyprotein of
SFV and thus the present result is not unexpected.
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