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Protein S14 was isolated in pure form from Escherichia coli ribosomal 30 S subunits. Its complete amino
acid sequence was determined by a combination of various approaches, such as enzymatic and chemical
cleavage of the protein chain, isolation of the resulting peptides as well as manual and automatic sequence
determination by the Edman degradation technique. The protein has an M, of 11191 and consists of 98
amino acid residues, 26 of which are basic and 9 acidic. One residue each of cysteine, histidine, tyrosine
and tryptophan is present in the protein. The secondary structure of protein $14 as predicted according
to 4 different programs shows a long a-helix in the N-terminal region and a short a-helix near the C-
terminus of the protein chain. When the amino acid sequence of protein S14 was compared with that of
all other E. coli ribosomal proteins with computer search programs, only relatively short homologous
regions were found. A comparison between protein S14 of E. coli and the homologous protein from
Bacillus stearothermophilus revealed ~35% identity within the protein regions available for comparison.

Amino acid sequence
Protein homology

1. INTRODUCTION

As revealed by immuno-electron microscopy,
protein S14 is located in the head of the 30 S parti-
cle together with proteins 83, 89, S10, S13 and S19
[1,2]. The finding that protein S14 interacts with
proteins S9, S10 and S19 during the assembly of
the 30 S subunit [3] is in good agreement with the
immuno-electron microscopic results, Further-
more, protein S14 can be crosslinked in situ to pro-
teins S19 [4] and S21 [5] as well as to initiation fac-
tors [6]. Affinity labeling studies showed that pro-
tein S14 is a part of the binding site for the 3'-end
of tRNA on the 30 S subunit [7,8] and that it reacts
with puromycin [9] which is an analogue of the
37-end of tRNAs.
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Here, we report the complete determination of
the primary structure of protein S14 which consists
of 98 amino acids and has a relative molecular
mass {M;) of 11191, Based on the amino acid se-
quence the secondary structure of the protein is
predicted using appropriate computer programs.
Furthermore, the primary structure of protein Si4
is compared with that of all other ribosomal pro-
teins whose sequences are known.,

2. MATERIALS AND METHODS

Protein S14 was isolated from E. coli K as in
[10]. The identity and purity of the protein were
checked by two-dimensional polyacrylamide gel
electrophoresis {11].

Performic acid oxidation [12] was done at 0°C
for 16 h. Tryptic and chymotryptic digestions were
at pH 8.0 and 37°C for 4 h. The thermolytic diges-
tion was at pH 8.0 and 55°C for 4 h. Digestion
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with Staphylococcus aureus protease was in 1.5 cm). HCI (0.01 N) was used for the elution.
50 mM acetic acid (pH 4.0) for 16 h [13]. Large Smaller peptides in the various fractions eluted
fragments were produced by cyanogen bromide from the Sephadex columns were further separated
[14], N-bromosuccinimide [15], and acetic acid by fingerprinting on cellulose thin-layer plates
[16] cleavage. [17]. The presence of tryptophan-containing pep-

The isolation of large peptides was achieved by tides on the thin-layer plates was detected with
gel filtration of various digests (~5 mg each) on Ehrlich’s reagent. Amino acid analyses were per-
Sephadex G-50 or G-75 (superfine) columns (250 x formed on a Durrum D-500 amino acid analyzer.
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Fig.1. Amino acid sequence of protein S14 from Escherichia coli ribosomes: T, tryptic peptide; Th, thermolytic peptide;

C, chymotryptic peptide; SP, peptide from digestion with Staphylococcus aureus protease; NBS, peptide cleaved with

N-bromosuccinimide; CNBr, peptide cleaved with cyanogen bromide; ——, residue identified with the Beckman
sequenator; =, residue identified by manual Edman degradation.

Tryptophan was estimated by the method in [18]. protein program 122974 or DMAA peptide pro-

Automatic Edman degradation [19] of protein gram 102974. Polybrene [20] was used as carrier in
S14 and its large peptides was made in a Beckman case of peptides. The amino acid sequence of small
model 890C sequenator utilizing 0.5 M Quadrol peptides was determined by a manual micro-
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Edman technique [21] without dansylation. The
thiazolinone or PTH derivatives were hydrolysed
with 6 N HCI in the presence or absence of 0.1%
SnCl, [22} at 130°C for 20 h, and the amino acid
formed was analyzed on a Durrum analyzer. The
identification of some PTH derivatives (Trp, Asp,
Asn, Glu, GIn) was made by thin-layer
chromatography on silica gel plates [23].

3. RESULTS AND DISCUSSION

Large fragments from protein S14 were produc-
ed by cyanogen bromide (CNBr2), N-bromosuc-
cinimide (NBS2 + 3, NBS3) and Staphylococcus
aureus protease (SP4). The fragment SP4 (res.
39-85) of the central region was further cleaved by
acetic acid into 3 sub-fragments (SP4A1, SP4A2,
SP4A3). The automatic sequence determination of
the N-terminal regions of protein S14 and the large
fragments provided sufficient overlaps in the
amino acid sequence of the first 74 residues as
shown in fig.1.

All peptides produced by trypsin, chymotrypsin
and thermolysin were isolated, and most of them
were manually sequenced as shown in fig.1. The
sequence of the C-terminal region (res. 73—98) was
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Table 1
Amount of predicted secondary structure of protein S14
(in %)
Prediction a-Helix A-Sheet G-Turn Random
according to coil
[25] 40 0 26 34
[26,27] 28—-40  19-32 25 16
[28} 30-48 5-19 29 22
[29] 53 2 34 11

deduced from the results obtained by the manual
sequence determination of the C-terminal
cyanogen bromide fragment (CNBr3) and of the S.
aureus protease fragment (SP5) in addition to tryp-
tic, chymotryptic and thermolytic peptides in this
region. The combination of these results allowed
the alignment of all the peptides and the deter-
mination of the complete amino acid sequence of
protein S14 as illustrated in fig.1.
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Fig.2. Secondary structure of protein S14 as predicted according to 4 different methods: S, [25]; F, [26] computed as

in [271; N, [28]; R, [29]). PRE summarizes the secondary structure obtained when at least 3 out of the 4 predictions

are in agreement. The amino acid sequence of protein S14 is shown in the bottom line in the one-letter code. For details
see [24,27] and table 1.
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Table 2

Homologous sequences between protein S14 and other ribosomal proteins of Escherichia coli

Protein Positions Identical or Homoiogous Sequences

s14 6- 10 Lys-Ala-Arg-Glu-val

s5 51- 55 Lys-Ala-Arg-Glu-Val

S14 78- 92 Leu-Ser-Arg-Ile-Lys-Val-Arg-Glu-Ala-Ala-Met-Arg-Gly-Gln-Ile

s8 10- 24  Leu-Thr-Arg-Ile-Arg-Asn-Gly-Gln-Ala-Rla-Asn-Lys-Ala-Ala-Val

Si4 80- 88  Arg-ile-lys-Val-Arg-Glu-Ala-Ala-Met

sio 5- 13 Arg-Ile-Arg-Ile-Arg-Leu-Lys-Ala-Phe

S14 1- 17 Ala-Lyg=-———==== Gln~Ser-Met-Lys-Ala-Ar ~Glu—Va1-!_.2§-§£g-gg_?\_-ﬁ);_a_-Leu-ala~Asp

512 1- 19 A_la-Thr-Va1—Asn—G_ln—Leu~Y§l—)}gg-Lys—Pro-_h_g_g—Ala-é{g-t_.x§-\_!_&_£«§l3_-l.ys-$er—Asn

s14 81- 85  Ile-lys-Val-Arg-Glu

s21 3= 7 Ile-Lys-Val-Arg-Glu

s14 9- 13 Glu-Val-Lys-Arg-Val

L3 103-107 §§E-!il-Lys-£.!§—Val

st4 24- 29 Ala-Glu-Leu-Lys-Ala-Ile

Lo 145-150  Ala-Asp-Leu-Arg-Ala-Tyr

s14 21- 26 Ala-Lys-Arg-Ala-Glu-Leu

L9 49- 54 Ala-Arg-Arg-ala-Glu-Leu

s14 26- 30 Leu-Lys-Ala-Ile-Ile

L14 56- 62 Leu-Lys-Ala-Val-Val

s14 9- 12 Glu-Val-Lys-Arg

L25 7- 10 Glu-Val-Arg-Lys

s14 24- 27 Ala-Glu-Leu-Lys

128 68- 71 Ala-Glu-Leu-Arg

S14 5- 27 Met-Lys-Ala-Arg-Glu-Val-Lys-Arg-Val-Ala-Leu-Ala-Asp-Lys-Tyr-Phe-Ala-Lys-Arg-Ala-Glu-Leu-Lys

L29 1- 23 Met-Lys~Ala-Lys-Glu-Leu~Arg-Glu-Lys-Ser-Val-Glu-Glu-Leu-Asn-Thr-Glu-Leu-Leu-Asn-Leu-Leu-Arg

Si4 47- 66 Leu~~—== §_l_n-'r‘hr-Leu-Pro~m~§§g-Ser-Ser~Pro~5er-Arg-Gln—Atq-Qgg—Arg-Cysﬂ\rg-Gln—Thr

L29 43- CT Leu-Lys-Gln-Val-Arg-Arg-Asp-Val-Ala-ARrg-Val-Lys-Thr-Leu-Leu-Asn-Glu-Lys-Ala-Gly-Ala

The amino acid sequence given in fig.1 is in tion 98. As shown in fig.1, the C-terminal amino

agreement with the DNA sequence of the gene for acid is serine whereas glycine has been deduced
protein S14 (M. Nomura, personal communica- from the DNA sequence. The amino acid analysis
tion) with the exception of the last residue at posi- of the C-terminal peptides (Thl2, C15, SPS,
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Table 3

Comparison of protein S14 with all other E. coli ribosomal (and related) proteins
The search for homologous sequence stretches was performed with the FORTRAN program SEEK (M. Dzionara, K.
Ashman and B. Wittmann-Liebold, unpublished) by comparing all possible segments of protein S14 with all other
protein sequences. The segment lengths employed were 15 (table 3a) and 10 residues (table 3b).
Symbols beneath the sequence stretches denote: identical amino acids in identical positions within the segment compared
(labelled by a star); non-identical amino acids: related by one nucleotide replacement within their codons (marked by
a plus); related by two nucleotide replacements (marked by a minus); unrelated amino acids (not labelled).

CONDITION LR
’3(3 1 1 1 1 1 3 1 4 1 ET) i
EL Si4 POS AKOSACARE VERVALADKYFAKPAELKAT 15 DVNASDEDRINAVLULETLPRISSPSHORNRLROY SRFNSFLRKFGLERIRVREAAMRGRIPCLRKS
1- 98
EC Sk
t- 887
243 PEYLESBREXTRVSLE
FR_FE_SRE_PRYEES
258 KILGERPUVATAKRYPEST
PE_IEF_ERPEFSLE _F_ D
249 DRERTRYSLGLKGLSE
[R2NNE NTE LI BE S
423 NAERERISLGYKOLAED
PRI Y TR RS PREE N
1) KKCHET&RYVLAVDAE
YR TN TR Y
24 RERERISLGVKELAED
FELS _FEr b _D bk
428 RISLLYXOLREBPFHN
LEREETE_FRSFE R
183 EFAYIKL BRKRHNYYVER
BB _HEAIR_FAr e+
253 GLXQLGEDPUVATIRXR
RO _ P0G _2h_
EC S3
1- 232
[LH IREVREPELDRKL VDS
LLRAE R _PRREEIEY_ &
£EC §7
- 1?7
33 VRRHALANRY IVEARK
FEF_4RFEF_+_ BRE4
EC 53
1- 129
52 LELTLEYFRGRAVYES]
FERE RN _rrEr RN
£C 53
1~ 128
24 RSELRKAGEVIRDARIVER
PR L TR SE 2 R R
EC 518
- 183
18 KRYGHRVRE PIPLPTIRK
LR T T T R TP R T,
EC S11
1- 128
75 YGIKNLEVMVEG PGRGRE
BB _ R R _hR e
EC Stz
t- 123
4t PREPHIRLRKVCRYRLTH
FLAPHE_EEEIER_SE R
£ 51%
- 87
24 TEVRVALLTA QINHLY
FEPEAR bt KO __*d
EC 518
1- 74
14 ESGKIVPSRITCTRAKYR
_ttsrreRRsL e ¥, 4
1 ¥PSRITGTRAKYQRALA
[EI I IR ON R TS P
EC 528
- 8%
18 FIREVYRRTERSINRA
PR AEEED _ 2T A_tRe
EC 521
1- 79
12 DYALRRFKRSCIKALY
BE_SNES SR Nt ¥
I3 ] T t t ¥ ¥ +
£E. Sté POS AN TS ACARE VAR VAL ATV FAKERE LKA I SDVNASDEDRENAYLAL R L PR DS SPSRORNN IR OTARPHIFL RS GESRIKVREQARREBIFGEXXE
- 8
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Table 3a (continued)

April 1983

£C L2
1- 272
150 YVAIVARDGAYYILRL
IEESET N Y N R N
£C L3
1- 283
[ LLLYKGAVPGATGIDLIVK
LEPEPRERFE_BH_SH N
EC L4
t- 281
122 EXESVEAPKTKLLAGK
PE_SPEERF _PE RN,
133 LLAQKLXDMALEDVLIL
IR ENTE S Y LY NS
EC L3
1- 177
sS4
EC L3
1- 148
47 FEARRAELEAKLAEVLA
LPRR_ P Rt _ 0
" TEFFEARRAELERXLAEVLAAANAR
PSSR AN RS R AR S LY DN D4
113
EC L12
i~ 12@
83 SAPAALKEGVSXBIREAL
F_RIRRR_ AR RNN b,
87
ié
EC LI4
t- 123
69 YRRPDGSVIRFDGNALY
PEAEE__tribntenry
38
£EC L13
1- 144
38
£C L16
1- 136
I8
44
EC L7
1- 127
48 KAKELRRYVEPLITLAKTY
EEIRIEEES & F PR e
EC L1
- 114
73 VYBSISVKRRGAVRIA
PRESF_FEE_as
£C L22
1- 118
77
23
43
t 3 ¥ 3 [} [
EC SI4 AKGSHAAREVKRVALADYYFIKRAELKA)
1- 98
£EC L23
1- 99
35 KDATKAEIKRAVEXLE
AR RIRE _BbERE
EC 124
i- 183
£ IVLTGKDKGKRGKVENY
PEREPAE_SaRr b0 4
13 GKDKGKRGKYKNYLES
C0E_SA2b AR _baw
24
EC N3
1- 98
24 ALBATIASYYESLKES
Fe_Sa0e b i e
EC H52
- 9e
23 ARLESTLAATTESLKE

PRBL_0_ 20t _sae

RDLARISCOKPLITKA
LI S TR S

KSEVYRLANGYLRTHGE
YT R IYIR

AVIKAYRGA TCLGLKE

TR IR S 2 2

SDITKITIKEATIPRG KVK
R I XT TR T W RN

PLYRRLPKFLFTSRKRAITAEY
PIEL _BrESSIEERE_ v 4

RERLTARQIEARARRA
SEERE_ b _tURR Rt
RQIEAARRA
boraesene

DECPSRKRINPRAKGRADR
LR LRI PSS BPE T YR
KRINPRAXGRABRILK
EREE_S_2EEIIEING
HKKARYLYKKYLESRIR

RS B R T IS T

[ ] ] L1

lslVNGSDCDiUNaVLKkQTL?RFSS?SRDINRCIOYGRP“SFLlKFCLSilKVEEQRNRGQI'GLKKS

YKNVLSSGXVIVESIN
PR LR L LYY

The homologous stretches listed in table 3a were found under the following conditions:
(i) At least 5 identical amino acids at identical positions within a 15-residues segment;
(i) At least 7 out of the non-identical amino acids of the segment must be related by one nucleotide replacement within

their codons.
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Table 3b
CONDITION te 5 3
3 l 1 + i il i l ) i 90
EC S14 pOS AKOSNKAREVKRVALADKYFAKRAELKA! SDYNASDEDRUNAYLKLATLFPRDSSPSRARNRCRATGRPHGFLRKFGLSRIKYREAANRG Q1PGLKKS
1- 98
EC S1
1- 887
248 FDRERTRVSLGLK
_tBE_4adtRe
263 GEDPUVAIAKR
TER T _e_ 4
EC $9
I- 128
98 RKAGFYTRDAR
YT RN RN L 2]
EC S18
t- 103
32 TGAQYRCPIPLP
ERTURI T RY Y )
EC §11
1- 128
3 AP IRARKRYRK
5+ _S4e_B 4
EC S18
- 74
. FRRRKFCRFTA
et es_na_as
EC $20
1- 86
18 ATQSEKARKMN
BHES _BPS4_+
EC s21
1- 70
43 KRAKASAYKRHAK
YR Y RN TY NN B
] ' [l T ] ' ' [l 1
EC S14 AKOSHKAREVKRVALADKYFAKRAELKA] ISDYNASDEDRUNAVLELOTLPRDSSPSRORNRCRATGRPHGFLRKFGLSRIKYREAANRGAIPGLKKS
1- 98
EC L2
1- 272
218 YRPTVYRCTARN
PEBESL EZE X N
EC L4
1- 201
187 VHTADAVKQVE
At _ 0S8
101 YRGALKSILSE
P LI R ET RS R
EC LS
- 1?7
L] DLAAISGOKPLI
IO TEYT N 23 B
EC LS
1- 148
66 NARAEK I NALE
I LY R L 23
43 EFFEARRAELEAKLAEY
F_s_BrbERs st it
118 LPNCYLRTHGE
P RN TR
EC L17
1- 127
38 LPKAKELRRVVE
V_SeERIER N _
EC L18
t- 117
78 VAERALEKGIK
+ELEE__s4he
1 ] 3 0 [l B ' ' b
EC S14 AKQSNKAREVKRYRLADKYFAKRAELKATISDYNASDEDRUNAVLKLGTLPRDSSPSRORNRCRGTGRPHGFLRKFGLSRIKVREAANRGOIPCLKKS
1- 98
EC L23
1- 99
36 KDATKRAEIKAAV
R R LR N Y
EC L36
t- 58
22 TLLGLGLRRIG
IETIRY T YT N
EC NS
[RT ]

24 ALDATTASYTESL
e _SRB_sete

The stretches given in table 3b were found under more strict conditions:
(i) At least 5 identical out of 10 residues in identical positions of the segments;
(ii) At least 3 of the non-identicals within 10 residues must be related (as above).
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CNBr3) demonstrates that these peptides contain 2
glycine and 1 serine residues, and their amino acid
sequence analysis indicates that serine is the C-
terminal residue. If glycine were at the C-terminus,
as deduced from the DNA sequence, these C-
terminal peptides should contain 3 glycines and no
serine. It is possible that this discrepancy (serine or
glycine at the C-terminus) is due to the differences
in the E. coli strains from which protein S14 or the
gene for this protein were isolated. The codons for
serine (GGY) and glycine (AGE) differ by one
nucleotide only.

The amino acid composition derived from the
sequence is:

Asps, Asnz, Thra, Sers, Glus, Glns, Pros, Glys,
Alay;, Cysi, Vals, Met,, Iles, Leus, Tyry, Phe;,
Hisy, Lysy, Argus, Trps

This is in excellent agreement with the data deter-
mined from the hydrolysis of the whole protein.
The protein consists of 98 amino acid residues, and
the M. calculated from the above composition is
11191. Protein S14 contains 26 basic residues
(His + Lys + Arg) and only 9 acidic residues
(Asp + Glu), and therefore it is a very basic
protein.

Based on 4 programs for the prediction of the
secondary structure of proteins (details in {24]) a
diagram has been drawn for the secondary struc-
ture of protein S14 (fig.2). A long a-helical region
of 27-31 residues at the N-terminus (positions
3-29) and a short a-helix consisting of about 7
residues (positions 82—88) near the C-terminus are
predicted. Table 1 shows the calculated secondary
structure of protein S14 according to the different
prediction methods.

Computer searches for homologous regions bet-
ween protein S14 on the one hand and other
ribosomal proteins and related sequences on the
other hand gave the results listed in tables 2 and 3.
No extended regions of high significance were
found. Only some short homologous stretches ex-
ist, mainly in the N-terminal (up to position 40)
and C-terminal regions (positions 70—98) of pro-
tein S14.

A comparison of the primary structure of
ribosomal proteins from Escherichig coli and other
bacteria revealed the following homology between
the N-terminal regions of protein S14 from (1) E.
coli and of the corresponding protein from (2)

Bacillus stearothermophilus [30}:

(H)AKQSMKAREVERVALADKYFAKRAELKY
Q)AKKSMIAKQ-KRTPKFKVRAYTRTERR
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