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1. Introdnciion

Tobacco mosaic virus strain 06 {TMV-05) was orig-
inally isolated from the orchid Phalaenopsis by Kado
et al. [1]. On the basis of amino acid analyses of the
coat-protein these anthors suggested the following
amino acid exchanges: Histidine, methionine, and
arginine in TMV-06 instead of glutamic acid or ghuta-
mine, isolencine, and alanine in vulgare. It was the
aim of this work io establish the position of these
amino acid exchangss in the primary struchure of the
protein. Of particular interesi was the position of the
methionine residue in TMV-06. Since wild type TMY
contains no methionine, single methioning mutations
[2] proved a good opportunity for studying physico-
chemical and structural properties of large peptides
which are derived by cyanogen bromide cleavage.

2. Maierials and methods
2.1. Virus and virus protein

A sample of TMV-D6 was kindly provided by Dr.
R.N. Perham, Cambridge, England. From this sample
more virus was grown on Nicotiana tabacum L. cv.

- Samsun. The virus was extragted from frozen leaves
- and purified by the method of Leberman [3]. The coat-
'pxmein was prepared by the acetic acid method [4).

2 2. Carboxymetkylanan
- Prior to zll rexpenmems descnbed in this; paper the
- coat protein was camoxymethylated at the | cysteme~
resxdue [5] . Sl

2.3. Cleaviage with cyanogen bromide

An equal weizht of carboxymethyl-protein and
cyanogen bromides was used and the reaction carried
out in 70% formic acid for 20 hr [6].

24, Digestior: with proteases

Trypsin {TPCK, 198 p/mg) and chymotrypsin were
obtained from Worthingion Biochem. Corp., Frechold,
NI, They were kept frozen as 1% solutions in 1 M
HCI. Digestions were done in 0.5% NHyHCOs ata
concentraticn of carboxymethylated protein of 2—5
mg/ml for 6 ar at room temperaiure. A ratio of 1:100
{wfw) of . oiease to protein was used. The digestion
was stopped by lyophilisation. Carboxypeptidase A
{COADFP, Worthinton) was nsed according to the
procedure of Ambler [7].

2.5. Pep.ude maps

Pepy.de maps were prepared in two or three dimen-
sions [B, 9. High voltage paper electrophoresis {HVPE)
[1D, 1.] at pH 6.5 for 45 min at 3000 V was used in

the fisst dimension, and descending chromatography
in butan-i-cl-acetic acid—water—pyridine {15:3:12:10,
oy wol.) [12] in the second dimension. For those pep-
tides which were mentral at pH 6.5, HVPE at pH 3.5
for 45 min at 3000 'V was used in the third dimension.
‘The peptide maps were stained with ninhydrin—cad-

- miurn acetate reagent [13]. For localising the histidine -
_ cor @ining peptide Pauly’s reagent was used-[14]. When
‘ma 3 'were to be used for preparing ; peptides, they were
: 'ist? ned with 0.02% .nmhyndm [15]: prior to eluting the
o pe stides from the paper mih 0.02 M ammonia. In
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ganeral peptides were prepared by dissolving the -
Iyophilised digest in 0.01 M ammocnia {approx. 10 mg
digest/0.1 ml) and applying this svlution as a band of
1 mg/cm on Whatman 3 MM paper. After sach separa-
tion step puide sirips from the sides of the pepiids
bhands were siained with ninhydrin—ecadmium zcetate
1eagent. The corresponding nastzined bands were ithen
cut ont and sewn onto new shee:s of chromatography
paper for further purification. When a peptide band
was considered pure, it was elutzd from the paper and
dried over concn. H, SO, in vaoao.

2.6. Amino acid analysis

Amino acid analysis was carried oui on 2 Locarte
amine acid analyser [16] after hydrolysis of the pep-
tides in 6 M HC1 at 108°C in vacuo for 22 hr. When
the lactone of homoserine was expecied to be present
the dried hydrolysate was treated with 2 M NH; for
1 hr at 37°C, and dried again prior to amino acid
analysis. By this procedure homosering lactone is con-
veried 1o homoserine {17}

2.7. Daonsyiation

The N-terminal amino acid residues of the isolated
peptides were identified by mcans of the dansyl tech-
nigue [18, 19]. The dans] amino acids wers separated
by thin layer chromatography on polyamide sheets
{Cheng Chin Trading Co., Taipsh, Taiwan) by use of
the solvent systems of Woods and Wang [20].

_2.8. Nomenclature of the peptides

Peptides produced oy cleavage with trypsin were
assigned @ capital T, chymotryptic peptides a Ch. The
mambers behingd T or Ch, respeciively, represent the .
position of a given peptide in the primary structure
of the protein {21, 22]. Peptides derived from cyano-
gen bromide cleaved protein are designated as CB fol-
lowed by T, according to the way of further digestion.

3. Results
3.1, Lomhsarmn of J ,hx,mdme

The «chymoiryp‘mc p“p‘liﬁe coma,mng hsndme
(Ch 3—10, see table ] 1) was trezted with carboxy-
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peptidase A. After 10min .92 pmoles phenylalanine
and 0.76 pmoles of histidine were released per pmole
of peptide. After 240 min in addition to Phe and His
D.15 pmoles of serine were Iiberated per pumole of
peptide. This confirms the position of serine asno 8,
histidine as no 9, and phenylalanine as no 10 in the
sequence of TMV-06 protein.

3.2. Localisation of arginine

On a two-gimensional map the only mryptc peED-
tide of vulpare negatively charged at pH 6.5 (T 62~68)
is not pressnt on the peptide map of 06 under the
same conditions. The bands which had been neutral
at pH 6.5 were subjected to HVPE at pH 3.5 yielding
one tand (T 114—122) in the case of vulgare protein
and three bands in the case of 06 protein. These three
bands wers shown to contain four peptides (see table 1):
D Amixture of T 114—122 and T 62—65:2) T 62—68;
3) T 66—G8.

This result shows that TMV-06 has an arginine
residue in position 65 and that tryptic cleavage at
this residue was incomplete under these conditions
— probably due to the neighboring aspartic acid
residues.

3.3. Localisatio:. »f methipnine

Dansylation of CNBr cleaved TMV-06 protein
showed that valine was a new N-terminal residue and
thersfore had been C-terminal neighbor to methionine
in the mtact protein. CNBr-cleaved TMV-056 protein
and intact TMV-06 protein were digested with trypsin.
The two-dimensional peptide map showed no diffe--
ence ouiside the peptide band nentral at pH 6.5. After
HVPE at pH 3.5 of the neutral band two new pepi des
were seen on the map of the CNBr treated digest and

were identified asCB T 123—129 agnd CB T 130134

{see table 1). The tryptic peptide CB T 123-129 con-
tains no arginine and no lysine bul ons homoserine
residue. Homoserine indicates the Csterminus of a
CNBr-fragment and hence also the C-terminus of

CB T 123—129. This means that position 129 of
TMYVY 06 is a methionine residne and that cleavage
with CNBr at this position results in two fragments,
CB 1--129 and CB 130—158. Structural studies on
these two fragmests are in progress,
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Amino acid composition I(mo[leymn] of peptide) and color wof 'I’MV-{)G peptides after staining with nnﬂ:ydmﬁtadmmm aceiate.

Ch 3—10 T63-68 T 66—H8 TH2—B5 tCB T 123-12'9 - CBT130--134
‘ ) and T 114122

Lys 1.0 1.0
His 0.9 '
Arg 1.0 1.8 L 0.5
ASX 2.0 0.8 2.4 : 1.95 :
Thr - 2.2 1.0
Ser 1.9 1.0
Glx 1.2
Pro 1.1 1.0 0.5 -
Ala ' 2.0 : 1.0
Val 2.0 1.0
Homoser 0.8
e 1.0 1.0 1.0 1.D
Leu i.0 1.2
Phe Q.9 1.9 1.1 0.5
No. of ,
residoes B 7 3 4and 9 7 5
Ne-terminal
residue Ser Phe Asp Ser . Val
Color red DIANZE red orange and red orange latey red med_ {very wezk)

Inferred sequences {amino acid residues which differ from those in TMV-vulgare are indicated by capital letters): Ch 3—10, Ser—
Yie—Thr—Thi—Pro—8er—HIS—Phe; T 62—%8, Phe—Pro—Asp— ARG—Asp—Phe—Lys; CB T.123--129, Ser—Ala—Ile—Asn—Asn—
Len—-MET; CB T 130-134, Val-Gin—Len—lle—Arg; T 114—122, Val—Asp—Asp—Ala—Thr—-Val—Ala—Jle—Arp,
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