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Using automated Edman degradation of two nonfractionated peptide mixtures of tryptic and staphylococ-

cal protease digests of the protein, the complete amino acid sequence of the guanyl-specific ribonuclease

Sa from Streptomyces aureofaciens was established. Ribonuclease Sa contains 96 amino acid residues (M,

10 566). A 50% sequence homology of ribonuclease Sa to the guanyl-specific ribonuclease St from S. eryth-
reus was found.

RNase

1. INTRODUCTION

RNase Sa (EC 3.1.4.8) isolated from Strep-
tomyces aureofaciens is a guanyl-specific en-
doribonuclease. The enzyme catalyses the splitting
of RNA only at sites where a guanosine nucleotide
residue is located in the 3'-position of the
3’ —5'-phosphodiester bond of RNA [1]. Its amino
acid composition [2] differs considerably from that
of RNase T, which is a well-known representative
of guanyl-specific RNases.

Investigations on the RNase Sa active site by
chemical modifications and kinetic measurements
[3,4] and NMR spectroscopy [5] showed some
similarities but mainly distinctions from the active-
site functional topochemistry of other guanyl-
specific RNases.

In searching for the relationship between func-
tional homology of enzymes and the homology of
their molecular structure the primary structures of
many guanyl-specific RNases have been deter-
mined lately. To contribute to the comparative
study of primary structures of these enzymes we
established the complete amino acid sequence of
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(Streptomyces aureofaciens)

Amino acid sequence

RNase Sa using an express method successfully ap-
plied to two fungal RNase [6,7]. The sequence of
30 N-terminal residues of RNase Sa has been deter-
mined previously [8].

2. MATERIALS AND METHODS

RNase Sa was isolated and purified to a
chromatographically pure state according to [9]
slightly modified by applying rechromatography
on phosphocellulose. Reduction and S-carboxy-
methylation of the enzyme were performed as in
[10].

Automated Edman degradations were carried
out on a Beckman 890C sequencer according to the
0.1 M Quadrol program in the presence of
polybrene and Gly-Gly [11,12]. Proline N-terminal
residues were split twice in a course of sequential
protein analysis at 12 and 13 cycles. Reagents and
solvents for Edman degradation were from
Beckman.

PTH-amino acid derivatives were identified by
three methods: gas-liquid and thin-layer chroma-
tography [13,14] as well as by amino acid analysis
after hydrolysis of the derivatives with 5 N HI at
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150°C for 24 h. Edman degradation products were
converted in 1 N HCI [15].

Digestions with staphylococcal protease and
trypsin were performed in the reaction cell of the
sequencer on reduced S-carboxymethylated RNase
(S-Cm-RNase) preparations preliminarily sub-
jected to 21 complete cycles of automated Edman
degradations (des-(1-21)-RNase). Des-(1-21)-
RNase was modified with fluorescamine [16] and
after performing one additional cycle of Edman
degradation it was cleaved with staphylococcal
protease or trypsin in 0.1 M ethylmorpholine
acetate buffer, pH 8.1, at 37°C for 8 or 4 h and at
an enzyme/substrate ratio of 1:30 or 1:50, respec-
tively.

The C-terminal sequence of RNase was followed
by digestion of the protein with carboxypeptidase
Y in 50 mM ethylmorpholine acetate, pH 5.5, and
at an enzyme/substrate ratio of 1:50.

3. RESULTS AND DISCUSSION

The present method of determining the primary
structure of RNase Sa is based on using the tech-
nique of automated Edman polypeptide se-
quencing and provided mainly two types of results.
The first type is the results from amino acid se-
quencing of the whole carboxymethylated protein
(fig.1). In this case (repetitive yield of Edman
degradation is about 97—-98%) we can estimate the
position of the 73 N-terminal amino acid residues
of the protein (fig.2).

The second kind is the results of amino acid se-
quencing of the nonfractionated peptide mixture
produced by tryptic digests of S-Cm-RNase
preliminarily subjected to 21 complete steps of
automatic Edman degradation and treated
thereafter with fluorescamine (table 1). This latter
modification made it possible to restrict the
general quantity of analysing peptides produced by
enzymatic cleavage and allowed reduction of the
background of sequencing.

The data presented in table 1 detail the sequenc-
ing of five or six peptides (see also fig.2); moreover
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two pairs of peptides presented duplicate copies
because the polypeptide chain of RNase contains
two adjacent Arg residues (Arg®® and Arg®). Ac-
cording to the specific manner of the tryptic diges-
tion, incomplete cleavage of the RNase
polypeptide chain may result in the formation of
two different peptide variants. The positions of all
Arg residues of the polypeptide chain were deter-
mined in the course of protein sequencing (fig.1).
At the same time the determination of the com-
plete amino acid sequence of the protein chain of
RNase containing the Arg*’, Arg®® and Arg® posi-
tions as well as the partial recognition of the amino
acid sequence containing the Arg*® and Arg® posi-
tions (fig.1) makes it possible to continue the iden-
tification of the C-terminal protein structure (table
1, fig.2).

Some additional information which supports the
above results arose from the consideration of the
kinetics of RNase hydrolysis with carboxypep-
tidase Y (fig.2) and from the products generated in
Edman degradation of the fluorescamine-modified
des(1-21)-RNase peptide hydrolysate produced by
staphylococcal protease (table 1).

Four peptides undergo Edman degradation in
the original mixture of the staphylococcal protease
des-(1-21)-RNase hydrolysate. The structure of
the RNase fragment 42—73 was deduced earlier
(fig.1). Combined analysis of the amino acid se-
quences of all peptides of RNase digestion with
staphylococcal protease gave results corresponding
completely with the data from tryptic peptide se-
quencing. These results were sufficient for unam-
biguous establishment of the protein primary
structure.

Thus, RNase Sa contains 96 amino acid
residues: Asp,, Asn,, Thry;, Ser;, Glus, Gins,
Pros, Glys, Alas, Cyss, Valy, Iles, Leus, Tyrs,
Phes, His, and Args (M; 10566).

The amino acid sequence of RNase Sa differs
considerably from that of the fungal guanyl-
specific RNases completely sequenced so far ([6,7]
and see references in [6]). On the other hand, the
primary structure of RNase Sa shows a very close

Fig.2. (1-3) Structures determined in sequencing of S-carboxymethylated protein and products of proteolysis of des-

(1-21)-RNase with trypsin and staphylococcal protease, respectively. (4) Data from studying the kinetics of RNase

hydrolysis with carboxypeptidase Y. The sites of protein cleavage with staphylococcal protease (Sp) and trypsin (Tr)
are indicated by vertical arrows.
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1. Fig.1. Automated Edman degradation of RNase Sa. The
40&; T, j 1’ “I ‘IR one-letter code for amino acids is used. Cysteine was
ﬁ:ﬁg) oo b I oy G iq J{ determined as the carboxymethylated derivative. nq, not
P i e quantified.
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Table 1
Automated Edman degradation of fluorescamine-modified des-(1-21)-S-Cm-RNase Sa peptide hydrolysates

Degradation Yield of amino acids (nmol)
cycle Tryptic hydrolysate of des-(1-21)-RNase Hydrolysate of des-(1—21)-RNase by
staphylococcal protease
1 E,25 T,33 G,42 R,nq 1,49 S,19 Y,22 A4l D,28
2 S,14 R,nq T,36 1,62% 1,62* v,34 T,35% T,35% Y,29
3 V,33 R,nq 1,10 C,25 L,31 v,29 Q.17 Y,32
4 L,35 (R)ng C,5 C,28 P,26 1,25 E,9 T,21
5 P,29 G,6 E,26 T,27* T,27 G,25
6 T,15 E,5 A,35 Q,15 P,21 D,21
7 Q.19 A7 T,20 S,11 G,15 H,ngq
8 S,9 T,4 Q.25 Y,27* A,18 Y,27*
9 Y.19 Q,31* E,31? G,16 R,ng A,27
10 G,12 E,5 D,23 Y,14 T,23? T,23%
11 Y,38?2 D,s Y,38% Y,16 R,nq F,21
12 Y, 45° Y,45% Y,45% H,ng G,8 S,9
13 H,nq Y,8 T,16 E.6 T,5 L,18
14 Q.11 T,3 G,17 R,nq 1,19
15 Y,12 G,3 D,19 R,nq D,9
16 T,S D,4 H,nq I,11 Q.8
17 v,14 H,nq Y,14 1,13 T,4
18 1,10 Y,3 A21 C,12* C,12*
19 T,13% A4 T,13% G4
20 P4 nd F,17 E,3
21 G,3 F,3 S.8
22 A5 nd L,13
23 nd L,3 I,15
24 L3 D,11
25 nd Q.8
26 nd T,5
27 nd C,6
Position at
the RNase
chain 41-63 64-65 66—68/69 69-96 70-96 42-54 55-74 75-78 79-96

2 The yields of amino acids were not differentiated for the individual peptides

nd, not determined (other abbreviations as in fig.1)
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